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ABSTRACT 
Root coverage predictability in the treatment of gingival recessions 
on mandibular and anterior teeth 
Michele Agusto. DDS 
Introduction. Mandibular anterior teeth are most frequently affected by 
gingival recessions. However, data regarding mucogingival treatment aimed at root 
coverage in this specific location is limited.  
Aim. To systematically review the literature addressing the focused question: “What is 
the effectiveness, efficacy and efficiency of different surgical approaches on clinical 
and patient-related outcomes in the treatment of buccal gingival recessions on 
mandibular anterior teeth?” 
Material methods. Electronic (Medline, Scopus, and Cochrane databases) and hand 
literature searches were performed for studies including at least one arm involving the use 
of pedicle flaps and/or free soft tissue grafts in the treatment of RT1 and RT2 
gingival recessions located on the buccal aspects of mandibular centrals, laterals and 
canines. A Bayesian single-arm network meta-analysis was performed, and a treatment 
hierarchy of different surgical technique was based on a 3-12-month follow-up. 
Results. Sixteen studies, with a total of 23 arms, were included in the quantitative 
analysis. The greatest mean root coverage is associated with LPF+CTG (91.2%) and 
TUN+CTG (89.4%), whereas LPF alone, CAF+CTG and FGG showed lower mRC 
(79.1%, 78.9% and 68.5% respectively). TUN+CTG provides significantly greater 
mean root coverage compared to CAF+CTG. No difference among the procedures 
could be observed in terms of keratinized tissue width gain.  
Conclusions. Treatment hierarchy generated by an arm-based network metanalysis 
model indicated in tunnel and laterally positioned flap, both in combination with 
connective tissue graft, the greatest results in the treatment of mandibular anterior 
recessions. 
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1. INTRODUCTION
1.1 GINGIVAL RECESSION 
1.1.1 Definition 
According to the Glossary of Terms from the American Academy of Periodontology, 
gingival recession refers to the exposure of the root surface by an apical shift in the position 
of the gingiva in relation to the cementoenamel junction (G. Pini Prato, 1999). By definition, 
gingival recession is always associated with loss of clinical attachment (Cortellini et al., 
2018). Gingival recessions can be localized or generalized, so they can affect one tooth or 
multiple teeth in the same patient, and associated with one or more surfaces in the same 
tooth (Kassab et al., 2003). 
Anatomy 
In health, the free gingival margin, which defines the coronal limit of the gingiva, is located 
about 1-2 mm coronal to the CEJ, and the level of the epithelial attachment to the tooth is 
usually at or slightly coronal to the level of the cementoenamel junction (CEJ) (Stahl, 1985). 
In case of gingival recession, an osseous dehiscence is present and the soft tissues around 
the tooth, which include free gingiva, attached gingiva and alveolar mucosa, are dislocated 
apically to the CEJ, with exposure of the root surface to the oral environment (Stern, 1981). 
Histologic studies have shown in buccal-lingual cross-sections of teeth affected by gingival 
recession that the gingival unit, which is characterized by a keratinized epithelium, tends to 
move apically with the increasing recession depth, whereas the position of the mucogingival 
junction (MGJ) and the alveolar mucosa tend to remain unaltered (Pini-Prato, 2011). These 
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findings confirm that with the increase of the recession depth, the width of keratinized tissue 
tends to decrease, which leads to the partial or complete loss of the attached gingiva. 
However, even when a recession reaches the MGJ, a minimal amount of keratinized 
mucosa, representing the free gingiva, is still present (Pini-Prato, 2011). In a cross-sectional 
study, it was reported that the mean dehiscence depth exceeded the recession depth by 2.76 
mm, which represents the space occupied by the supracrestal fiber attachment (Löst, 1984). 
 
 
Figure 1. Scheme of microscopic characteristics of dentogingival anatomy in health and recession 
 
1.1.2 Epidemiology 
Gingival recessions represent a common mucogingival disorder, affecting both the young 
and old populations (Kassab et al., 2003). Numerous epidemiological studies have reported 
different results in terms of both general prevalence and severity of gingival recessions, 
probably due to data heterogeneity related to age, gender, ethnicity, inclusion and exclusion 
criteria (Marini et al., 2004).  
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Age 
Population-based studies have shown that the development of gingival recessions is 
correlated with age (Gorman, 1967; Kassab et al., 2003; Kitchin, 1941). Both prevalence 
and severity of gingival recessions are lower at younger ages and increase over time 
(Ainamo et al., 1986; Albandar et al., 1999; Brown et al., 1990; Susin et al., 2004). In a 
study by Susin (Susin et al., 2004), more than 1,580 individuals aged 14 years and older 
were examined: through a clinical assessment, recessions of at least 4 mm depth were 
identified in 6%, 24%, and 54% of patients aged 14 to 19, 20 to 29, and 30 to 39 years, 
respectively. A similar trend was confirmed by a sample data from the third National Health 
and Nutrition Examination Survey (NHANES III), which showed that prevalence, extent 
and severity of gingival recession increased in individuals aged 30 and over: in particular, 
56% of individuals aged 40-49, 71% of individuals 50-59, 80% of individuals aged 60-69, 
87% of individuals 70-79, and 90% of individuals aged 80-90 showed 1 mm or more of 
gingival recession on at least 1 tooth (Albandar et al., 1999). Similarly, the NPASES I cross-
sectional data (France) used a multivariate linear regression model to show that age can be 
considered a risk factor for both the extent and severity of gingival recession (Sarfati et al., 
2010). 
 
Gender 
In NHANES III data, it is evident that males aged 30 or more had significantly more 
recession than females of the same age (Albandar et al., 1999). Other studies corroborate 
the finding that adult males consistently exhibited a higher prevalence and extent of gingival 
recession than adult females  (Susin et al., 2004). A recent publication reported that males 
were significantly more affected by gingival recession (60.5%) compared to females 
(39.5%) (Mythri et al., 2015). However, no significant sex differences seem to be present 
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for younger ages: for example, no differences in the prevalence of gingival recession were 
reported between males and females among 17 year old patients (Ainamo et al., 1986). 
 
Ethnicity 
Considering different race/ethnic groups, the NHANES III data showed that non-Hispanic 
blacks had the highest prevalence and extent of gingival recession (Albandar et al., 1999). 
Mexican Americans had similar prevalence and extent of gingival recession compared with 
non-Hispanic whites (Albandar et al., 1999).  
 
Socioeconomic status 
Multiple investigations suggested socioeconomic status as a risk indicator associated with 
the presence of gingival recessions: in fact, the percentage of teeth with recession has been 
reported to be significantly higher in the lower socioeconomic groups, irrespective of age 
(Mythri et al., 2015; Susin et al., 2004). 
 
Location 
Tooth 
Mandibular teeth have a significantly higher prevalence of gingival recession than maxillary 
teeth (Mythri et al., 2015). In an Indian epidemiologic study conducted on 710 subjects aged 
between 15 years to 60 years, gingival recession was commonly seen in mandibular incisors 
(43.0%) followed by maxillary molar (13.2%), mandibular premolar (12.2%), maxillary 
incisor and premolar (8.9%), mandibular molar (4.9%), maxillary canine (4.6%), 
mandibular canine (4.3%) (Mythri et al., 2015). This frequency of pattern was confirmed 
also in other studies (Albandar et al., 1999; van Palenstein Helderman et al., 1998): in fact, 
according to the NHANES III data, in the mandibular arch, the central incisors and the first 
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premolars showed the most recession, with 49.7% of mandibular central incisors and 43.5% 
of mandibular first premolars being affected in the 56-90 year old group. These data were 
confirmed also for orthodontically treated subjects: during and after orthodontic therapy, 
mandibular incisors seem to be the most vulnerable to the development of gingival 
recessions (Renkema et al., 2013b). 
 
Site 
Gingival recessions seem to affect the facial surface of the tooth more commonly than its 
lingual aspect. In a cross-sectional study conducted on 299 Finish school children aged 7 to 
17 years, of the 5,895 teeth examined, recession was found on the facial aspect of 512 teeth 
(8.7%) and on the lingual aspect of only 16 teeth (0.3%) (Ainamo et al., 1986). Löe and 
coauthors presented data which support an increased prevalence of recession on the facial 
surface as opposed to the lingual surface, which is affected by gingival recession only later 
in life (Loe et al., 1992). In this parallel study, two different cohorts of individuals, from 
Norway (1969-1988) and Sri Lanka (1970-1990), covering the age range from 15 to 50 
years, were longitudinally followed to describe the occurrence and levels of gingival 
recession. In the Norwegian cohort, gingival recession began early in life: it occurred in 
greater than or equal to 60% of the 20-year-olds and was confined to the buccal surfaces. 
At 30, greater than or equal to 70% had recession, which still was found mainly on buccal 
surfaces. As the group approached 50 years of age, more than 90% had gingival recession; 
greater than or equal to 25% of the buccal surfaces were involved, greater than or equal to 
15% of lingual, and 3 to 4% of the interproximal surfaces. In the Sri Lankan cohort greater 
than or equal to 30% exhibited gingival recession before the age of 20 years. By 30 years, 
90% had recession on buccal, lingual, and interproximal surfaces; and at 40 years, 100% of 
the Sri Lankans had recession. As they approached 50 years, gingival recession occurred in 
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greater than or equal to 70% of the buccal, greater than or equal to 50% of the lingual, and 
40% of the interproximal surfaces (Loe et al., 1992). These percentages are also in 
accordance with the results obtained from a Tanzanian population (20-64 years of age) with 
limited access to dental care, where gingival recession was found to be most prevalent at 
buccal surfaces, followed in descending order by lingual and approximal surfaces (van 
Palenstein Helderman et al., 1998). 
 
1.1.3 Etiology & Risk Factors 
Although numerous factors have been implicated in the etiology of gingival recession in 
both cross-sectional and longitudinal studies (Kassab et al., 2003), the AAP-EFP World 
Workshop 2017 concluded that the etiology of gingival recession remains unclear 
(Cortellini et al., 2018). Several predisposing factors have been suggested: mechanical 
trauma, plaque accumulation, periodontal phenotype and attached gingiva, cervical 
restorative margins, dental malposition, high frenum attachment and shallow vestibular 
depth, orthodontic treatment (Cortellini et al., 2018). Based on clinical observations, the 
occurrence of gingival recession is usually associated with the coexistence of two or more 
different risk factors or conditions (Cairo, 2017).  
 
Mechanical Trauma 
Several publications have been suggested that mechanical trauma, mainly represented by 
improper toothbrushing technique, is one of the most important contributing factors to the 
development and progression of gingival recession (Cortellini et al., 2018; O'Leary et al., 
1971; O'Leary et al., 1967; Sangnes et al., 1976; Serino et al., 1994). This is supported by 
the evidence that a high proportion of individuals presented with gingival recessions in 
populations with high standards of oral hygiene (Sarfati et al., 2010). Löe and coauthors 
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proposed the existence of two basic types of recession: one related to mechanical factors, 
including tooth brushing, which occurs mainly in the buccal aspect, and the other relating 
to periodontal disease, which involves also the interproximal sites (Loe et al., 1992). The 
hypothesis that excessive and incorrect oral hygiene methods can induce a soft tissue 
recession has been confirmed in multiple papers where a positive association between 
toothbrushing frequency and gingival recessions was observed (Checchi et al., 1999; 
Khocht et al., 1993; Kozlowska et al., 2005; Sangnes et al., 1976; Vehkalahti, 1989): in 
particular, it has been reported that those subjects who brush more than once a day are 2.1 
times more likely to develop a gingival recession compared to less frequent brushers 
(Vehkalahti, 1989). Similarly, other factors related to toothbrushing have been associated 
with a higher risk for gingival recession development (Rajapakse et al., 2007): duration 
(Tezel et al., 2001), force (Benz et al., 1987), bristle hardness (Goutoudi et al., 1997), 
frequency of changing toothbrush (Kozlowska et al., 2005). For example, subjects who 
brushed for more than 3 minutes had approximately twice the mean severity of gingival 
recessions as did those subjects who brushed for less than 1 minute (Tezel et al., 2001). 
However, according to other studies, toothbrushing duration and frequency were not 
correlated to the development of gingival recession (Kallestal et al., 1992; Murtomaa et al., 
1987).  In summary, the current consensus is that data to support or refute the association 
between tooth brushing and gingival recession are inconclusive (Cortellini et al., 2018; 
Rajapakse et al., 2007). Other traumatic factors have been proposed to play a role in the 
development of soft tissue recession: for example, in patients wearing a lip piercing, 
gingival recessions were noted on teeth opposite the stud in 68% of the cases (Kapferer et 
al., 2007). 
 
Plaque accumulation 
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Gingival recession is a common feature in population with poor oral hygiene (Baelum et al., 
1986; Loe et al., 1992; Susin et al., 2004; Yoneyama et al., 1988). As evidenced in animal 
studies, plaque and calculus formation induce marginal gingival inflammation, with a dense 
mononuclear cell infiltrate, which can lead to the destruction of periodontal tissue and 
development of gingival recession (Hopps et al., 1974). The correlation coefficients 
between gingival recession and calculus at the individual tooth surface have been reported 
to be statistically significant (van Palenstein Helderman et al., 1998). Toker and colleagues 
analyzed the association between gingival recession and periodontal clinical parameters in 
a Turkish population of 831 subjects aged 15-68 years and it was concluded that gingival 
recession was significantly correlated with a high level of plaque and calculus (Toker et al., 
2009).  Similar results were presented in a Greek cross-sectional study on 640 subjects aged 
18-45 years, where a positive association was observed between soft tissue recession, 
gingival inflammation and inadequate oral hygiene (Chrysanthakopoulos, 2014). Löe and 
coauthors concluded that when related to plaque-induced inflammatory mechanisms, 
gingival recessions usually affect all tooth surfaces, although the prevalence and severity is 
more pronounced at single-rooted teeth than at molars (Loe et al., 1992). 
 
Thin periodontal phenotype 
A thin periodontal phenotype is considered a risk factor for the development of gingival 
recession (Cortellini et al., 2018). It was shown that individuals with long narrow crown 
forms of maxillary central incisors have comparatively thin periodontal biotype and are 
more susceptible to recession as compared to subjects with a wide-square form and thick 
periodontium (Olsson et al., 1991). Thin gingival tissues seem to be associated with 
relatively thin alveolar bone (Fu et al., 2010): a recent systematic review found positive 
associations between gingival thickness, keratinized tissue and bone morphotype (Zweers 
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et al., 2014). The higher risk of gingival recession in case of thin marginal soft tissues 
compared to a thick periodontium has been described for teeth receiving restoration with 
inadequate contour and margins (Sanavi et al., 1998) or after periodontal treatment (Claffey 
et al., 1986). Similar findings emerged also from studies conducted on orthodontically-
treated patients. Yared et al. noted that 93% of the incisors that developed recession had 
thicknesses of the free gingival margin <0.5 mm and the authors concluded that gingival 
thickness had greater relevance to recession than final inclination of the incisors (Yared et 
al., 2006). Melsen and Allais found a significant correlation between the pre-treatment width 
of keratinized gingiva and gingival biotype and the development or increase in the gingival 
recession (Melsen et al., 2005). Interestingly, periodontal phenotype has been described as 
a decisive factor for a successful treatment outcomes in immediate implant placement: a 
tendency for more gingival recession was found with immediate single tooth implant 
restoration in a population with a thin scalloped biotype (Evans et al., 2008)  and reduced 
risk of recession in patients with a thick biotype (Cosyn et al., 2011). 
 
Minimal keratinized tissue width 
Initially, the presence of a wide band of keratinized and attached mucosa around the tooth 
was considered critical for preventing soft tissue recession and maintaining periodontal 
health (Bowers, 1963; Corn, 1962; Ruben, 1979). In 1972, a classic trial conducted by Lang 
& Löe, it was shown that sites with less than 2 mm of gingiva tend to exhibit persistent 
clinical signs of inflammation, assessed with the Gingival Index Score (Lang et al., 1972). 
However, a consistent series of subsequent clinical studies failed to substantiate the concept 
of a required minimum dimension of keratinized mucosa (de Trey et al., 1980; Freedman et 
al., 1999; Hangorsky et al., 1980; Kisch et al., 1986; Lindhe et al., 1980; Miyasato et al., 
1977; Schoo et al., 1985; Jan L. Wennström, 1987). For instance, in an elegant split-mouth 
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prospective trial by Dorfman, 92 patients with bilateral sites exhibiting less than 2 mm of 
keratinized tissue, received a gingival augmentation procedure on one side, which consisted 
of a free gingival graft, whereas the contralateral side served as control. The follow up at 2 
years revealed the attachment level was maintained unchanged in both grafted and non-
grafted sites, showing that the occurrence of gingival recession was not linked to the 
gingival height (Dorfman et al., 1980). Same results were confirmed in the 4- and 6-year 
follow up reports (Dorfman et al., 1982; Kennedy et al., 1985), regardless of the oral hygiene 
status of the patient. An additional confirmation of the lack of relationship between gingival 
height and recession development was provided by Wennström in 1987 in a 5-year 
prospective study: 26 buccal sites, which had been surgically deprived of all the keratinized 
tissue, showed no additional attachment loss or soft tissue recession compared to adjacent 
teeth with wide zone of attached gingiva (Jan L. Wennström, 1987).  In the latest consensus 
report from the American Academy of Periodontology Regeneration Workshop, it was 
concluded that there is no need for a minimum amount of keratinized tissue for preventing 
attachment loss and gingival recession, provided that optimal plaque control conditions 
resulting in the absence of clinical inflammation are established and maintained (Scheyer et 
al., 2015).  
 
Cervical restorative margins 
Experimental and clinical data suggest that subgingival placement of the margin of a 
restoration is likely to result in soft tissue recession over time, especially in case of thin 
marginal soft tissues (Ericsson et al., 1984; Paniz et al., 2016; Parma-Benfenali et al., 1985). 
An evaluation of 114 patients and 329 total crown restorations, it was shown that most of 
the crowns (59%) were located subgingivally at the beginning of the observation period, but 
after 5 years, only 32% of the crown margins remained apical to the gingival margin 
1. INTRODUCTION 
 - 11 - 
(Valderhaug et al., 1976). It was also demonstrated that greater mean attachment loss, 
represented by gingival recession, was associated with subgingival restorations compared 
to supragingival margins (1.2 versus 0.6 mm) (Valderhaug et al., 1976). These findings were 
confirmed by other publications: for example, Orkin and coauthors demonstrated that 
subgingival restorations had a greater chance of bleeding and exhibiting gingival recession 
than supragingival restorations (Orkin et al., 1987). The latest 2017 World Workshop on the 
Classification of Periodontal and Peri‐Implant Diseases and Conditions reported clinical 
observations suggesting that sites with minimal or no gingiva associated with intrasulcular 
restorative margins are more prone to gingival recession and inflammation (Cortellini et al., 
2018). 
 
Dental malposition 
There is evidence in support of malpositioned teeth as predisposing factors for gingival 
recessions (Kassab et al., 2003). Isolated buccally tipped teeth and excessive maxillary 
incisor proclination had a significant association with gingival recession (Gusmão et al., 
2011). Significant associations between gingival height and anterior crowding were 
reported in a group of 93 children aged 6-12 years (Powell et al., 1981).  Trott & Love 
examined the presence of recession in the facial surfaces of mandibular incisors in a group 
of 766 high school students aged 14-19:  of the teeth examined, 1.8% were reported to have 
recession greater than 3 mm and tooth malposition was the factor most commonly associated 
with recession (Trott et al., 1966). Gorman examined 164 subjects aged 16-86 years for 
recession and observed that in teeth in pronounced labio-version, 61% were found to have 
some degree of gingival recession, as well as 15% of teeth in pronounced linguo-version 
(Gorman, 1967). 
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High frenum attachment & Shallow vestibule 
Aberrant frenal attachment has been mentioned as a cause of localized recession (Kassab et 
al., 2003). The association between frenal pull and soft tissue recession has been reported 
in multiple studies (Stoner et al., 1980; Trott et al., 1966). For example, in a recent Turkish 
cross-sectional evaluation, the multiple regression analysis showed that high frenum is a 
significant contributor to gingival recession, especially in males (Toker et al., 2009). 
However, these data are conflicting with other publications, where the correlation was not 
found to be significant (Castro-Rodríguez et al., 2017; Powell et al., 1981). 
 
Orthodontic treatment 
Contradictory statements can be found in the literature regarding orthodontic tooth 
movement as a risk factor for gingival recession. A recent systematic review has 
investigated the relationship between gingival recession and orthodontic therapy and 
concluded that the effects of orthodontic treatment (active and/or retention phase) on the 
periodontium, albeit small, are detrimental (Bollen et al., 2008). The reported prevalence of 
gingival recession ranges from 5% to 12% at the end of treatment (Slutzkey et al., 2008), 
but an increase of the prevalence up to 47% in the long‐term observation (5 years) was 
described (Renkema et al., 2013a). It has been suggested that the odds ratio for 
orthodontically treated subjects to have recessions in comparison to untreated subjects is 
4.48 (Renkema et al., 2013b). Different mechanisms have been suggested to explain the 
causative association between orthodontic therapy and recessions(Kassab et al., 2003). In 
particular, it was suggested that the possibility of development and progression of gingival  
recession is dependent on the direction of the orthodontic movement (Joss-Vassalli et al., 
2010): both animal and human studies showed that more proclined teeth compared with less 
proclined teeth or untreated teeth and movement of the incisors out of the osseous envelope 
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of the alveolar process may be associated with a higher tendency for developing gingival 
recessions (Allais et al., 2003; Artun et al., 2001; Artun et al., 1987; Batenhorst et al., 1974; 
Djeu et al., 2002; Engelking et al., 1982; Pearson, 1968; Ruf et al., 1998; Sperry et al., 1977; 
Steiner et al., 1981; Wennstrom et al., 1987). Interestingly, different reports have failed to 
find a positive association between the proclination of mandibular incisors and the 
development of gingival recessions in shot- and long-term observations (Renkema et al., 
2015; Steiner et al., 1981), suggesting that a tension in the marginal tissue (“stretching”) is 
created by the forces applied to the teeth regardless of the final inclination of the tooth 
(Steiner et al., 1981). Similarly, inconsistent results have been reported for the maxillary 
palatal expansion (Handelman, 1997; Vanarsdall, 1995), so the data are inconclusive. 
Another possible mechanism is related to the increased plaque retention induced by fixed 
orthodontic appliances. In a recent study by Klukowska et al, plaque levels ranged from 
5.1% of tooth surfaces to as high as 85.3% in patients undergoing treatment with fixed 
appliances, with a mean plaque coverage of  41.9% (Klukowska et al., 2011). The consensus 
statement from 2017 AAP-EFP World Workshop concluded that the direction of the tooth 
movement and the bucco‐lingual thickness of the gingiva may play important roles in soft 
tissue alteration during orthodontic treatment (Cortellini et al., 2018). It was stated that there 
is a higher probability of recession during tooth movement in areas with thin gingiva, which 
may serve as a locus minoris resistentiae, so the recommendation is that gingival 
augmentation can be indicated before the initiation of orthodontic treatment in areas with 
<2 mm of thickness (Cortellini et al., 2018).  
 
Smoking 
A relationship has been proposed between smoking and gingival recession (Gunsolley et 
al., 1998; Martinez-Canut et al., 1995). The multifactorial mechanism may include 
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alterations in the immune response, such as decreases in the phagocytic function of 
polymorphonuclear leukocytes (Kenney et al., 1977) and in the production of 
immunoglobulins (Johnson et al., 1990), and changes in the peripheral gingival blood flow 
(Baab et al., 1987). Tobacco consumption and the number of cigarettes smoked per day has 
resulted to be a risk factor for the presence of gingival recession (Albandar et al., 2000; 
Sarfati et al., 2010), particularly in the maxillary anterior region on both buccal and palatal 
surfaces (Haffajee et al., 2001). Different findings have been reported in a parallel trial, 
where in a multivariate logistic regression analysis, the risk for recession development 
appeared not to be influenced by smoking status after adjusting for confounding 
factors  (Muller et al., 2002). A recent investigation has shown that users of smokeless 
tobacco tend to have more severe gingival recession and clinical attachment loss compared 
to never users (Anand et al., 2013). 
 
Trauma from occlusion 
Initial periodontal literature has reported a possible role of occlusion in determining 
detrimental effects on the marginal periodontium and causing soft tissue recession 
(Stillman, 1917). In particular, a specific mucogingival deformity in response to excessive 
occlusal forces was described as Stillman's cleft, defined as narrow, triangular‐shaped 
gingival recession on the facial aspect of the tooth (Stillman, 1925). However, this was an 
empiric observation and the contribution of occlusal forces in the etiology of gingival 
recession has been clearly rejected by the scientific evidence (Fan et al., 2018). It was shown 
that mobility, which represents the functional adaptation of the periodontium to excessive 
forces, is not correlated to gingival recessions: compared with contralateral teeth without 
recession, teeth with recession showed either no or similar mobility (J.-P. Bernimoulin et 
al., 1977). A recent retrospective analysis aimed at evaluating the relationship between 
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occlusal discrepancies and the changes in the location of the free gingival margin failed to 
find any associations (Harrel et al., 2004). Moreover, the same study highlighted that 
occlusal adjustment did not provide any effect on changes in gingival width or thickness 
(Harrel et al., 2004). 
 
1.1.4 Pathogenesis 
The pathogenetic mechanism of gingival recession was described in an experimental study 
by Baker and Seymour 1976 on rats, where pocketing had been induced by replacement of 
natural incisors with dental implants (Baker et al., 1976). The recession process was 
examined histologically at intervals by taking transverse serial sections. According to this 
findings, gingival recession involves a localized inflammatory process, with accumulation 
of mononuclear cells, which causes breakdown of connective tissue and leads to 
proliferation of the epithelium into the site of connective tissue destruction. Proliferation of 
the epithelial cells into the connective tissue brings about a subsidence of the epithelial 
surface, which is manifest clinically as recession (Baker et al., 1976). 
 
 
Figure 2. Pathogenetic stages of gingival recession in rat model (Baker et al., 1976) 
 
Three different stages in the genesis of gingival recession have been described in the 
experiment: 1) Stage I, initial stage where there is no or subclinical inflammation; 2) Stage 
II, characterized by proliferation of epithelial rete pegs; 3) Stage III, characterized by 
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increased epithelial proliferation resulting in loss of connective tissue core and finally 
leading to the merging of oral and sulcular epithelium resulting in separation and formation 
of a cleft. According to this model, in the presence of plaque-induced inflammation, a thin 
marginal soft tissue is more susceptible to complete breakdown than a thick one. This 
assumption is supported by the evidence that an inflammatory lesion which develops in 
response to subgingival plaque occupies the connective tissue adjacent to the dentogingival 
epithelium. Classical measurement suggest that the apical and lateral extension of the 
inflammatory cell infiltrate is 1.4 mm on average, rarely exceeding 2 mm (Waerhaug, 1952). 
This means that if the free gingiva is voluminous, the inflammatory infiltrate will occupy 
only a small portion of the connective tissue; however, if it is thin, the entire connective 
tissue may be engaged. In the latter case, the onset of the inflammatory lesion will lead to 
the obliteration of the vascular supply and, consequently, to the degeneration of the 
connective tissue; this is accompanied by the proliferation of epithelial cells from the oral 
and sulcular epithelium, the zone of connective tissue decreases and it is obliterated by the 
fusion of these two epithelia.  
 
 
1.1.5 Classification 
Several classification systems for gingival recessions have been proposed in the literature, 
with the aim of creating specific categories including all the relevant information related to 
diagnosis, prognosis and treatment plan. The main classifications were the following: 
Sullivan & Atkins (1968); Mlinek et al (1973); Liu and Solt (1980); Miller (1985); Smith 
(1997); Nordland & Tarnow (1998); Mahajan (2010); Cairo (2011); Kumar (2013).  
 
Sullivan & Atkins (1968) 
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This is the first published classification for gingival recessions (Sullivan et al., 1968b). It is 
based on two different parameters, which include recession depth and recession width, so 
to identify four different categories: narrow, wide, shallow and deep. No clear 
measurements were provided by the authors to distinguish the descriptive terms. A 
modification was proposed by Mlinek in 1973, who introduced a numeric cut-off: shallow 
defects were defined as the recession <3 mm, while deep defects were recessions >3 mm 
(Mlinek et al., 1973). 
 
Figure 3. Classification proposed by Sullivan & Atkins (deep, shallow, wide, narrow) 
 
Miller (1985) 
In 1985, Miller proposed a new system based on both level of the gingival margin with 
respect to the mucogingival junction and the underlying interdental alveolar bone (Miller, 
1985). Miller’s Classification is still the most widely used of all the classification system 
world-wide (Pini-Prato, 2011). The innovation is related to the possibility of predicting the 
final amount of root coverage following a free gingival graft procedure. Four classes of 
marginal tissue recessions were described (Miller, 1985): 
- Class I. Marginal tissue recession, which does not extend to the mucogingival 
junction (MGJ). There is no periodontal loss (bone or soft tissue) in the inter-dental 
area, and 100% root coverage can be anticipated. 
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- Class II. Marginal tissue recession, which extends to or beyond the MGJ. There is 
no periodontal loss (bone or soft tissue) in the inter-dental area, and 100% root 
coverage can be anticipated. 
- Class III. Marginal tissue recession, which extends to or beyond the MGJ. Bone or 
soft tissue loss in the interdental area is present or there is a malpositioning of the 
teeth, which prevents the attempting of 100% of root coverage. Partial root coverage 
can be anticipated. 
- Class IV. Marginal tissue recession, which extends to or beyond the MGJ. The bone 
or soft tissue loss in the interdental area and/or malpositioning of teeth is so severe 
that root coverage cannot be anticipated. 
 
Figure 4. Miller’s classification (1985) 
 
Multiple inadequacies have been identified in Miller’s classification in terms of both 
diagnostic and prognostic evaluation (Pini-Prato, 2011): 1) histologic studies showed that a 
tooth with gingival recession always presents a certain amount of keratinized tissue (free 
gingiva), so Class II definition is not correct; 2) the differentiation between class III and IV 
and the classification of tooth malpositioning remain unclear; 3) the classification is not 
exhaustive because it does not include every case of recession (for example, palatal 
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recessions or recessions associated with a missing adjacent tooth cannot be classified); 4) 
the prognostic anticipation of a certain amount of root coverage in Miller’s classification is 
based on a surgical technique that has nowadays only a limited application for root coverage 
and does not consider other important factors which have been shown to affect the treatment 
outcome (patient-related, site-related and technique-related factors).  
 
Smith (1997) 
In 1997, Smith proposed a compound index of recession to assess both vertical and 
horizontal extent of the defect. The extent of the horizontal component was described with 
a range from 0 to 5 based on the severity of the CEJ exposure, while the vertical extent of 
recession was measured in millimeters with a periodontal probe on a range between 0 and 
9 (Smith, 1997). 
 
Cairo (2011) 
More recently, Cairo et al introduced a new classification system based on the clinical 
attachment level at both buccal and interproximal sites and its impact on the final root 
coverage outcome obtained with different mucogingival techniques (pedicle flaps, free 
gingival graft, connective tissue grafts, biologics and combinations). Three main types of 
recession were described: 
- Recession Type 1 (RT1): Gingival recession with no loss of interproximal 
attachment. Interproximal CEJ was clinically not detectable at both mesial and distal 
aspects of the tooth; 
- Recession Type 2 (RT2): Gingival recession associated with loss of interproximal 
attachment. The amount of interproximal attachment loss (measured from the 
interproximal CEJ to the depth of the interproximal pocket) was less than or equal 
1. INTRODUCTION 
 - 20 - 
to the buccal attachment loss (measured from the buccal CEJ to the depth of the 
buccal pocket); 
- Recession Type 3 (RT3): Gingival recession associated with loss of interproximal 
attachment. The amount of interproximal attachment loss (measured from the 
interproximal CEJ to the depth of the pocket) was higher than the buccal attachment 
loss (measured from the buccal CEJ to the depth of the buccal pocket). 
 
Figure 5. Cairo’s classification (2011) 
 
 In case mesial and distal site present with different extent of clinical attachment loss, the 
aspect with the highest clinical attachment loss needs to be considered to identify the 
recession type. The reproducibility/reliability of the classification system was found to show 
a very high intraclass correlation coefficient of 0.86 (Cairo et al., 2011). This system was 
officially accepted in the consensus of 2017 AAP-EFP World Workshop as the new 
classification for the diagnosis of gingival recession (Caton et al., 2018).  
 
1.1.6 Diagnosis 
The diagnosis of gingival recession is based on the clinical examination by means of a 
periodontal probe. The depth of the recession is recorded as the distance in millimeters from 
the cementoenamel junction, which is more coronal, to the free gingival margin, which is 
1. INTRODUCTION 
 - 21 - 
more apical (Cortellini et al., 2018). Methods of measuring recession without having to 
perform a clinical examination have been reported in the literature: these methods are 
typically used to assess recession as a dichotomous level variable (presence/absence), not 
to define the recession depth. The two most widely utilized substitutes are dental casts and 
intraoral photographs. Renkema et al assessed the validity of using dental casts for scoring 
recessions on 30 adults: the clinical exam and dental cast comparison produced a mean 
kappa score greater than 0.80, suggesting good agreement (Renkema et al., 2013a). Ruf et 
al assessed the method error in evaluating gingival recession from intraoral photographs: 
they conducted replicate analyses of photographs of 10 randomly selected subjects and 
found a concordance in 80% of the subjects and 92.5% of the teeth (Ruf et al., 1998). Allais 
and Melsen measured the reliability of both of these methods and found that the number of 
unreadable teeth was larger when performed on casts than when assessed on intraoral 
photographs (Allais et al., 2003). The authors speculated that the reliability was better for 
the intraoral photographs compared to the dental casts because the color contrast between 
the enamel and cementum helped to distinguish the CEJ in the photographs. Also, dental 
casts may have artifacts around the gingival margin. Trentini et al compared the method of 
using dental casts and intraoral photographs with the corresponding measurements made 
during a clinical examination to determine the keratinized tissue width (Trentini et al., 
1995). The average difference between the clinical measurements and those calculated using 
the orthodontic records was small and not statistically significant. The method error was 
determined to be 0.43 mm for the clinical measures and 0.32 mm for the measures calculated 
from orthodontic records. The reliability of the orthodontic records measurement was 
slightly greater than the direct clinical measurement, with intra-class correlations of 0.93 
and 0.90, respectively. They concluded that carefully taken photographs and study models 
provide accurate measures of keratinized tissue width. Furthermore, the method errors 
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suggest than an examiner may actually be more reliable measuring from dental casts and 
intraoral photographs compared to measuring directly in the mouth. This method was also 
utilized to measure gingival recession as opposed to the width of keratinized gingiva (Djeu 
et al., 2002). Using dental casts and intraoral slides, examiner reliability was evaluated on 
10 randomly selected patients from their study. Paired t-tests indicated that there was no 
significant difference between the original and repeated values. According to 2017 AAP-
EFP World Workshop (Cortellini et al., 2018), gingival recession diagnosis is included 
under mucogingival deformities and conditions around teeth. The diagnosis of gingival 
recession must include specific determinants: 1) localization (buccal, lingual, 
interproximal/papillary); 2) severity (Cairo RT1, 2, 3); 3) apico-coronal height; 4) gingival 
thickness; 5) gingival width; 6) presence of cervical caries or non-carious-cervical lesions; 
7) patient esthetic concern (Smile Esthetic Index); 8) presence of hypersensitivity. 
Moreover, it is recommended to evaluate whether the cementoenamel junction is detectable 
(Class A) or undetectable (Class B) and whether a root surface concavity is present (Class 
+, if a cervical step > 0.5 mm is present; Class –, if the cervical step is absent). 
 
 
Figure 6. Diagnostic table for gingival recession (Cortellini et al., 2018) 
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1.1.7 Prognosis 
The occurrence of gingival recession is associated with a high risk of progression in the 
short- and long-term follow up (Cortellini et al., 2018). Matas et al. identified gingival 
recession in 85% of dental students; re-examination of the same group of individuals, 10 
years later, found a significant increase in the mean number of sites with gingival recession 
per individual and in mean recession height (Matas et al., 2011). Serino et al. evaluated the 
prevalence and the progression of attachment loss and gingival recession at buccal tooth 
surfaces in an adult population sample with a high standard of oral hygiene for 12 years 
(Serino et al., 1994).  In this longitudinal analysis, it was observed that sites with gingival 
recession showed susceptibility for additional apical displacement of the gingival margin. 
In particular, it was found that the risk of progression for a gingival recession was directly 
dependent on the initial depth. Recessions were stratified into two different groups 
according to the baseline recession depth (REC): shallow recessions, including recession 
with REC ≤ 3 mm, and deep recession, including recessions with REC > 3 mm. According 
to the stratified data, 67% of shallow recession sites worsened, 25% remained stable, 14% 
became shallower; 98% of deep recession sites worsened, 1% remained stable, 1% became 
shallower. These data suggest that the likelihood for a recession to improve spontaneously 
with time is very low, implying that a surgical correction may be required to prevent further 
deterioration in the future (Serino et al., 1994). In addition, in the same paper, an association 
between loss of proximal periodontal support and gingival recession at the buccal surface 
was noted. Similar findings were presented in a long-term (18 to 35 years) split-mouth 
study, where periodontal conditions of sites treated with gingival augmentation procedures 
were compared to untreated homologous contralateral sites (Agudio et al., 2016). Forty-
seven patients with 64 sites (test group), with lack of attached gingiva associated with 
recessions, were treated with free gingival grafts, and 64 contralateral sites, with or without 
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recession, were left untreated and served as controls. At the end of the observation period 
(mean 23.6 years, range 18-35 years), the untreated sites showed a statistically significant 
tendency for apical migration of the free gingival margin with development of new 
recessions or progression of existing recession defects (48% of the cases). However, this 
increment of recession depth of untreated group was of a small entity (-0.5 ± 0.9 mm) and 
did not impact either periodontal health or tooth survival (Agudio et al., 2016). A recent 
meta‐analysis assessed the long‐term outcomes (≥ 24 months) of untreated facial gingival 
recession defects (L. Chambrone et al., 2016). It was found that a gingival recession 
experiences a recession depth increase 78.1% of the time, whereas a decrease or no change 
is rarer event. The authors concluded that untreated facial gingival recession in subjects with 
good oral hygiene is highly likely to result in an increase in the recession depth during long‐
term follow‐up (L. Chambrone et al., 2016). However, it was suggested that there is limited 
evidence that the presence of KT and/or greater gingival thickness decrease the likelihood 
of a recession depth increase or of development of new gingival recession (Cortellini et al., 
2018).  
 
1.1.8 Treatment 
Root coverage is a successful and predictable procedure in periodontics (Tatakis et al., 
2015). Different surgical strategies have been proposed for the correction of gingival 
recessions, which include free gingival graft, connective tissue grafts, pedicle flaps, guided 
tissue regeneration with resorbable or non-resorbable membrane. Recent systematic reviews 
and consensus reports have concluded that connective tissue grafting seems to be the most 
effective means of root coverage and is the most extensively documented technique 
(Greenwell et al., 2005).  
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1.2 PERIODONTAL PLASTIC SURGERY FOR ROOT COVERAGE  
 
1.2.1 Definition 
The term plastic periodontal surgery includes all surgical procedures aimed at preventing 
or correcting anatomic, developmental, traumatic or diseased-induced defects of gingiva, 
alveolar mucosa or bone (J. L. Wennström, 1996). 
 
1.2.2 Indications 
The main indications for root coverage procedures include: 1) esthetic demands; 2) root 
hypersensitivity; 3) prevention of root caries and non-carious cervical lesions; 4) patient’s 
discomfort during oral hygiene maneuvers (Cairo, 2017). 
 
Esthetic demands 
A survey of the American Academy of Cosmetic Dentistry (2013) consisting of 659 
interviews reported that 89% of the patients decided to start cosmetic dental treatment in 
order to improve physical attractiveness and self‐esteem (Cortellini et al., 2018). In 2011, 
Rocha et al showed that when the esthetic perception of smiles was evaluated by 160 dental 
students, there was a statistically significant difference between smiles with gingival 
recession and smiles without. In addition, no statistically significant difference in the 
esthetic perception was found between cases of localized and generalized gingival recession 
(Rocha et al., 2011). The clinical goal of the recession treatment is to achieve complete root 
coverage, meaning a location of the gingival margin slightly coronal to the cemento–enamel 
junction with no residual probing depth and with no detectable inflammation (L. Chambrone 
et al., 2015). However, the gingival margin position by itself may not ensure a successful 
esthetic outcome, as poor esthetics can occur in the presence of an irregular profile of the 
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gingival margin, poor color matching or scar tissue (Cairo et al., 2009). In this perspective, 
the final aim of root coverage procedures should be represented by the comprehensive 
esthetic outcome, not just by the complete root coverage, if esthetic concern was the initial 
indication for treatment.   
 
Root hypersensitivity 
Dentin hypersensitivity may be a consequence of the cementum damage (e.g. abrasion or 
erosion) and the exposure of the underlying dentinal surface in a recession site. Al-Wahadni 
& Linden demonstrated that gingival recession of 3 mm or more was the best independent 
predictor of dentin hypersensitivity (Al-Wahadni et al., 2002). In another study, Costa et al 
showed that gingival recession was associated with increased dentin hypersensitivity in 
1,023 adults aged 35 or older in Brazil (Costa et al., 2014). A multicenter study with 85 
subjects demonstrated the benefit of performing root coverage procedures for reduction of 
sensitivity (Cortellini et al., 2009): at the baseline, approximately 40 % of the subjects 
reported RS as a reason for seeking treatment and at 6 months after treatment (coronally 
advanced flap with or without connective tissue graft), the prevalence of root sensitivity 
reduced to approximately 10 %. A recent systematic review (Douglas de Oliveira et al., 
2013) analyzed the efficacy of surgical root coverage techniques at reducing cervical dentin 
hypersensitivity in cases of gingival recession: a reduction in cervical dentin 
hypersensitivity was reported in all studies reviewed, with a mean percentage of decreased 
sensitivity of 77.83%. However, since most of the studies had a high risk of bias and cervical 
dentin hypersensitivity was assessed as a secondary outcome, the authors recommended 
taking these results with caution and concluded that there is not enough evidence to affirm 
that surgical root coverage procedures predictably reduce cervical dentin hypersensitivity.  
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Root caries or non-carious cervical lesions 
Gingival recession is considered almost certainly a prerequisite for the development of root 
surface caries (Stamm et al., 1990). Non-carious cervical lesions (NCCLs) are defined as 
loss of tooth structure at the cementoenamel junction level that is unrelated to dental caries: 
the prevalence of NCCLs ranges from 11.4% to 62.2% and appears to increase with age 
(Aw et al., 2002).  In a sample of 452 adults aged 65 or older, Lawrence et al showed that 
indicators of poor periodontal status, including gingival recessions, were significantly 
correlated with an increased risk of root caries development (Lawrence et al., 1995). 
Additionally, studies that have examined the prevalence of root caries have shown higher 
levels of lesions in patients with periodontal disease and recession compared to patients 
without recession (Ravald et al., 1981; Reiker et al., 1999).. The prevalence of tooth 
deformities associated with gingival recessions is very high (Pini-Prato et al., 2010). Pini-
Prato found that more than half of the 1,010 screened gingival recessions were associated 
with tooth deformities: 469 showed an identifiable CEJ without a step on the root surface 
(Class A‐, 46%); 144 an identifiable CEJ associated with a step (Class A+, 14%); 244 an 
unidentifiable CEJ with a step (Class B+, 24%); and 153 an unidentifiable CEJ without any 
associated step (Class B‐, 15%). Since the current evidence for the restoration of root caries 
is poor and data regarding long-term tooth survival are limited (Burrow et al., 2017), 
treatment of gingival recessions may be justified with the aim of preventing root caries and 
NCCLs. 
 
1.2.3 Treatment modalities 
Surgical procedures used in the treatment of gingival recessions can involve the use of 
pedicle flaps, free soft tissue grafts, additional adjuncts (e.g. PRP, PRF) and combination of 
the above-mentioned techniques.  
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1.2.3.1 Flap design 
Pedicle flap procedures can be classified according to the direction in which the flap is 
moved: 1) rotational flaps, which involve a lateral displacement of the flap (e.g. laterally 
sliding flap, double papilla flap, oblique rotated flap); 2) advanced flaps, which do not 
include rotation or lateral movement of the pedicle (e.g. coronally advanced flap, semilunar 
flap, coronally advanced tunnel). 
 
Laterally positioned flap 
The laterally positioned flap (LPF) was originally introduced by Grupe & Warren in 1956 
as laterally sliding flap: this procedure involves the elevation of a full-thickness flap in a 
donor site adjacent to the recession defect and its lateral displacement over the recipient site 
(Harold E. Grupe et al., 1956). The main risk related to this technique is the risk of secondary 
recession in the donor site. In order to reduce this complication, different modifications have 
been suggested, for example to perform a para-marginal incision instead of intrasulcular (H. 
E. Grupe, 1966), or to elevate a split-thickness flap instead of full-thickness (Pfeifer et al., 
1971; Staffileno et al., 1966). Variants of the laterally positioned flap include double papilla 
flap (Cohen et al., 1968), oblique rotational flap (Pennel et al., 1965), rotation flap (Patur, 
1977), transpositioned flap (Bahat et al., 1990). 
 
Figure 7. Laterally Positioned Flap (LPF) according to (Harold E. Grupe et al., 1956) 
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Coronally advanced flap 
The coronally advanced flap (CAF) procedure was first introduced by Bernimoulin in 1975: 
it involves a coronal displacement of the soft tissue located apically to the recession to cover 
the exposed root (J. P. Bernimoulin et al., 1975). 
 
Figure 8. Coronally Advanced Flap (J. P. Bernimoulin et al., 1975) 
 
In the original description, CAF was performed after a gingival augmentation by means of 
a free gingival graft. Later, the use of CAF technique was suggested for single recession 
with no need of previous gingival augmentation if at least 3 mm of residual keratinized 
tissue was present (E. P. Allen et al., 1989). Recently, De Sanctis & Zucchelli proposed a 
modified coronally advanced flap procedure, characterized by a split-full-split thickness 
flap elevation (de Sanctis et al., 2007), which can be applied on both single and multiple 
gingival recessions. The principle of CAF and its variations is based on the elasticity of the 
alveolar mucosa, which can be stretched in the coronal direction after the detachment of the 
periosteum.  
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Tunneling 
Raetze was the first to use an envelope flap technique for covering isolated gingival 
recessions (Raetzke, 1985). He created a partial-thickness envelope that allowed for the 
insertion of a connective tissue graft. Later, a modification was proposed by Allen for the 
treatment of multiple adjacent recessions (A. L. Allen, 1994).  
 
Figure 9. Envelope technique (Raetzke, 1985) 
 
Zabalegui et al. further investigated this approach and coined this technique the “tunnel” 
approach (Zabalegui et al., 1999). Zuhr et al. introduced a microsurgical approach while 
designing new instruments (Zuhr et al., 2007). The “coronally advanced modified tunnel 
technique” proposed by Aroca et al. and comprises a full thickness flap elevation that 
carefully separates the entire interproximal papillae from bone and places sutures suspended 
from composite stops at teeth contact points to prevent the flap from collapsing during 
healing (Aroca et al., 2013). The positive esthetic outcomes are attributable to flap elevation 
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that does not dissect the papillae or require vertical releasing incision. A recent systematic 
review comparing tunnel techniques and CAF showed that CAF seemed to be associated 
with higher percentage of complete root coverage than was tunnel when the same grafts 
(connective tissue or acellular dermal matrix) were used in both techniques (Tavelli et al., 
2018).  
 
1.2.3.2 Soft tissue graft 
The free soft tissue graft procedures can be performed as epithelialized graft or subepithelial 
connective tissue graft (non-epithelialized).  
 
Free gingival graft 
The free gingival graft was initially used to increase the amount of attached gingiva and 
extend the vestibular depth, but later it was used to attempt coverage of exposed root 
surfaces (Sullivan et al., 1968a). Great variability in outcome is reported when using free 
gingival graft for root coverage, probably because of inadequate blood supply when the free 
gingival flap is placed over an exposed root (Cairo, 2017). The reported amount of root 
coverage ranges between 11% and 100%, with a mean of 69% (Greenwell et al., 2005). 
Compared with other soft tissue techniques for root coverage, the main disadvantage of free 
gingival grafts is the unpredictable color match between the grafted tissue and adjacent 
gingival tissues. 
 
Subepithelial connective tissue graft 
The addition of a connective tissue graft (CTG) under the pedicle flap has been suggested 
as a highly predictable approach to obtain root coverage. The first application of CTG for 
root coverage was in 1982 by Langer (Langer et al., 1982). Initially, Langer described a 
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technique in which the graft was covered by the overlying partial thickness flap. Nelson 
proposed the use of full thickness flap to cover the CTG (Nelson, 1987). Different flap/graft 
size modifications have been described, including an ‘envelope’ approach to position the 
graft over the exposed root, a repositioned flap with an epithelial-connective and partially 
exposed graft, and coronally advanced flaps with or without vertical release incisions, or 
double papilla flaps for covering the connective tissue graft (Cairo, 2017). Studies show 
mean defect coverage ranging from 57% to 98% with a mean for all studies of 84%. 
(Greenwell et al., 2005) 
 
1.2.3.3 Additional technologies 
Other technologies have been used in addition to pedicle flaps and tested for root coverage 
procedures: 
- Enamel matrix derivatives. Enamel matrix derivative plus coronally advanced flap 
was applied for root coverage to improve the level of the gingival margin and obtain 
periodontal regeneration along the root (Rasperini et al., 2000). Clinical outcomes 
from randomized controlled trials showed a mean root coverage ranging from 84% 
to 94% (Cairo et al., 2014). Clinical trials showed that the addition of enamel matrix 
derivatives to CAF resulted in more root coverage than did CAF alone, and also 
produced a significant increase in keratinized tissue (Cairo et al., 2014). 
- Collagen matrix (XCM). Histologic analysis revealed that the porcine collagen 
matrix was able to promote periodontal new attachment and enhance the new 
cementum formation in experimental recessions in an animal model compared to 
CAF alone (Vignoletti et al., 2011). CAF + xenogeneic collagen matrix has been 
shown to achieve greater recession reduction compared to CAF alone in a 
randomized controlled trial (Jepsen et al., 2013), but less root coverage compared to 
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CAF+CTG (McGuire et al., 2010). In terms of keratinized tissue gain, the results for 
CAF+CTG and CAF+ collagen matrix were comparable (McGuire et al., 2010). 
- Acellular dermal matrix (ADMG). The mean root coverage obtained with CAF and 
addition of acellular dermal matrix ranged from 50% to 97% and a great variability 
of the clinical benefits (Cairo et al., 2008), with a mean for all studies of 86% 
(Greenwell et al., 2005). A recent systematic review showed no differences between 
ADMG and CTG for mean root coverage, percent root coverage, and clinical 
attachment level gain  (Gallagher et al., 2017). 
- Platelet derivatives. The current evidence about the benefit of platelet derivatives in 
the treatment of gingival recession is limited. A recent systematic review showed 
that platelet-rich fibrin membranes does not seem to improve the root coverage, the 
keratinized tissue width and clinical attachment level of Miller Class I and II gingival 
recessions (Moraschini et al., 2016). 
 
 
1.2.4 Histologic outcomes 
 
Pedicle flaps 
The pattern of healing occurring after a pedicle flap is positioned on a root surface was 
histologically described in experimental studies on dogs (Wilderman et al., 1965). Four 
different stages were identified: 
• Adaption stage (0-4 days), characterized by a thin fibrin layer interposed between 
the pedicle flap and the denuded root surface; 
• Proliferation stage (4-21 days), characterized by the proliferation of epithelial cells 
from the coronal edge of the wound and the proliferation of fibroblasts from the 
periodontal ligament with production of collagen fibers; 
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• Attachment stage (27-28 days), characterized by the insertion of collagen fibers into 
a layer of new cementum in the apical part of the recession; 
• Maturation stage (2-3 months), characterized by the continuous formation of 
collagen fibers.  
Histologic studies on monkeys showed that the healing following a pedicle flap results in a 
combined type of  new attachment: it was observed that new connective tissue attachment  
into new cementum forms in the apical portion of the defect, corresponding to no more than 
40% of the apico-coronal length of the original defect (range 38-44%), whereas a long 
junctional epithelium in the most coronal part (Caffesse et al., 1984; Gottlow et al., 1986). 
The relative amount of connective tissue attachment can be significantly increased by means 
of enamel matrix derivatives in conjunction with a pedicle flap, as evidenced in an 
experimental study conducted on recessions in dogs (Sallum et al., 2004).  
 
Soft tissue graft 
As shown in classic histologic studies (Nobuto et al., 1988; Oliver et al., 1968), the healing 
process of free soft tissue grafts is organized into three different phases: 
• Plasmatic circulation (0-3 days), in which the graft is solely dependent upon the 
diffusion from its host bed; 
• Revascularization (2-11 days), in which capillaries proliferate, penetrate into the 
graft and anastomose with its vasculature;  
• Organic union (11-42 days), in which the fibrin clot is organized into a fibrous tissue 
attachment between the graft and the recipient bed (this process is accompanied by 
the secondary contraction of the graft). 
More recently, the healing and revascularization of the subepithelial connective tissue graft 
was evaluated histologically in dogs (Guiha et al., 2001). In this study, it was confirmed that 
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vascularization of the subepithelial connective tissue graft originates from the periodontal 
plexus, the supra-periosteal plexus and the overlying flap and is evident by 7 days. In 
addition, the attachment of the graft to the root surface was mediated by a combination of 
epithelial downgrowth and connective tissue attachment: in the 28-day specimens, the 
percentage of epithelial seal varied between 61% and 77%, whereas the connective tissue 
attachment ranged between 23% and 39%. Another finding evidenced in the 60-day 
specimens is that the potential for new cementum and new bone formation is very limited 
(Guiha et al., 2001).  
 
Figure 10. Graft healing at 7 days (1), 14 days (2), 28 days (3) (Guiha et al., 2001) 
 
1.2.5 Clinical outcomes 
The variability in the treatment outcomes of various root coverage procedures is very large 
and due to an evident heterogeneity between studies (Cairo et al., 2008; L. Chambrone et 
al., 2018). In general, with a coronally advanced flap, an average of 70% root coverage 
(range 34-87%) can be expected for RT1 (Miller Class I-II) recessions. Complete root 
coverage is reached in approximately 35% of treated cases (15-60%). This outcome may be 
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improved by the adjunctive use of a connective tissue graft or enamel matrix derivatives, 
with an estimated mean absolute adjunctive effect of 15-25% for complete root coverage 
and 13-17% for reduction in recession depth (Buti et al., 2013; Cairo et al., 2008; L. 
Chambrone et al., 2018). In fact, in a recent systematic review, according to the results of a 
Bayesian network meta-analysis, the authors concluded that CAF+CTG can be considered 
the gold standard in root coverage procedures (Buti et al., 2013). Evidence suggests that 
guided tissue regeneration does not improve the treatment outcome, since the estimated 
mean absolute effect is -17% for complete root coverage compared to that with a coronally 
advanced flap alone (Oates et al., 2003; Roccuzzo et al., 2002). In a recent systematic review 
(Cairo et al., 2014) about the clinical efficacy of the treatment of localized gingival 
recessions, 51 randomized controlled clinical trials were analyzed, 30 groups of 
comparisons were identified and 80 meta-analyses were performed. The authors concluded 
that CAF+CTG achieved the best clinical outcomes in single gingival recessions with or 
without interproximal attachment loss.  
 
Long-term stability 
Subepithelial connective tissue graft with coronally advanced flap has been considered the 
best and most predictable root coverage procedure not only because of the immediate result 
obtained at the end of healing process, but also due its stability in the long-term. In 20-year 
follow up study (G. P. Pini Prato et al., 2018a), it was shown that the root coverage outcome 
at 1 year was maintained at the end of the observation: in fact, over the course of the study, 
mean root coverage (MRC) decreased from 74.23% (1 year) to 67.69% (20 years). Within 
maxillary Class I defects, complete root coverage (CRC) at 1-year follow-up was 57.14% 
(n = 12) and 47.62% (n = 10) at the end of study period, whereas MRC decreased from 
82.37% to 77.62%, respectively. Within maxillary Class III recessions, CRC of 20.83% (n 
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= 5) was found at both the 1-year and the 20-year follow-ups. On the other hand, MRC 
decreased from 66.55% to 58.18%, respectively (G. P. Pini Prato et al., 2018b). The 
recurrence of gingival recession appeared associated with sites with attached KT < 2 mm 
(i.e., 5-, 10-, 15- and 20-year follow-ups), to teeth presenting root steps (i.e., 10- and 20-
year follow-ups), and smoking (i.e., 15-year follow-up). The same group of authors showed 
that treatment of single recession defects with CAF + CTG provides more gingival stability 
long term than does treatment with CAF alone (G. P. Pini Prato et al., 2018b), probably 
because of the increased gingival thickness or larger amount of keratinized tissue, but 
control of traumatic toothbrushing may be the most important factor in preventing 
recurrence of gingival recession (Cairo, 2017). 
 
 
1.2.6 Predictors of treatment outcome 
Different factors have been shown to influence the degree of root coverage that can be 
obtained with mucogingival surgical correction. These factors are related to the patient, to 
the site and to the surgical technique adopted.  
 
1.2.6.1 Patient-related factors 
Patient-related factors include: 
• Poor plaque control. A suboptimal oral hygiene negatively affects the success of root 
coverage procedures (Caffesse et al., 1987). 
• Smoking. Root coverage has been reported to be less favorable in smokers than non-
smokers in multiple studies about guided tissue regeneration (Trombelli et al., 1997; 
Zucchelli et al., 1998). Martins et al found that after treatment of Miller Class I and 
II recessions with a CTG-based procedure, smokers achieve a lower percentage of 
root coverage (58.84% ±13.68%) compared to non-smokers (74.73% ±14.72%) 
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(Martins et al., 2004). Similar findings were reported in another trial, where 
statistically more recession coverage at 6 months was found in smokers compared 
to non-smokers (98.3% versus 82.3%) (Erley et al., 2006). Silva et al observed that 
after coronally advanced flap in Miller Class I recessions lead to complete root 
coverage in 50% of the cases in the non-smoking group and in 0% of the smokers. 
Again, the intergroup analysis demonstrated that smokers presented a lower 
percentage of root coverage (69.3% versus 91.3%) (Silva et al., 2006). In a 
systematic review, it was reported that less improvement in gingival recession, less 
gain in clinical attachment and more incomplete root coverage was observed after 
CTG-based procedures in smokers than in nonsmokers (L. Chambrone et al., 2009). 
However, other studies failed to find any detrimental effect exerted by smoking 
(Harris, 1994; Tolmie et al., 1991). 
 
1.2.6.2 Site-related factors 
Multiple site-related factors may affect the root coverage outcome: 
• Recession Depth & Width. The dimensions of the recession defect are negatively 
associated with the possibility of achieving complete root coverage: the wider and 
the deeper the recession, the less favorable outcome (Holbrook et al., 1983; G. Pini 
Prato et al., 1992). Wennstrom & Zucchelli showed that when defects associated 
with an initial recession ≥ 5 mm underwent complete root coverage in only 50% of 
the time, compared to 96% for shallower defects (J. L. Wennström et al., 1996).  
• Keratinized Tissue Width. In a study of patients with single recessions found that 
the deeper the baseline recession and the smaller the amount of apico-coronal 
keratinized tissue, the lower the probability for complete root coverage and long-
term stability of the gingival margin (G. P. Pini Prato et al., 2018b).  
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• Interdental Attachment Level. The classification system proposed by Cairo (RT1, 2, 
3) was able to predict the final recession reduction with a high level of confidence, 
thus supporting the importance of analyzing baseline interdental clinical attachment 
loss to assess the prognosis of gingival recession treatment (Cairo et al., 2011). In 
case of RT2 and RT3 the root coverage procedure is more challenging and the 
technique to adopt should be carefully evaluated: studies have shown more than 80% 
of gingival recessions with ≤ 3 mm of interdental bone loss, which were treated with 
CAF+CTG, showed complete root coverage, which remained stable for at least 3 
years, underscoring the benefit of adding a connective tissue graft in the treatment 
of interdental bone loss (Cairo et al., 2015). Complete root coverage was also 
accomplished in 38% of multiple RT2 recessions treated with a modified 
tunnel/connective tissue graft technique (Mercado et al., 2019).  
• Interdental Papilla. Saletta et al. indicates that the root coverage following CAF 
procedure in Miller Class I recessions is not significantly correlated to papilla 
dimension (Saletta et al., 2001), but there was a tendency for complete root coverage 
to occur more frequently when the papilla was short, suggesting a greater probability 
of complete root coverage for thick periodontal biotypes with short interdental 
papillae. Opposite findings were reported by a randomized controlled trial 
comparing connective tissue graft and acellular dermal matrix under a coronally 
advanced flap: it was found that papilla height and papilla width were significant 
positive predictors of root coverage, and that papilla height of ≥ 5 mm was associated 
with complete root coverage (Haghighati et al., 2009). 
• Presence of NCCLs. The presence of NCCL is associated with a reduced probability 
for complete root coverage (Pini-Prato et al., 2010). Recently, in a 20-year follow 
up, it was shown that gingival recessions associated with root steps have a higher 
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tendency to relapse after treatment with both CAF and CAF+CTG (G. P. Pini Prato 
et al., 2018a). 
 
1.2.6.3 Surgical factors 
Factors related to the surgical technique adopted include: 
• Flap thickness. It was shown that the thickness of the surgical flap is positively 
correlated to recession reduction: the critical threshold thickness for complete root 
coverage was found to be 1.1 mm (Hwang et al., 2006). A recent randomized 
controlled clinical trial compared a "split-full-split" thickness flap elevation versus 
a "split" thickness approach performed during CAF for the treatment of single 
maxillary recessions (Clementini et al., 2018). After 12 months, complete root 
coverage was reported in only 35% of the cases in the split-thickness group compare 
to 80% of the test group, indicating a possible benefit of periosteum inclusion on 
wound healing and flap stability. However, other studies have shown no difference 
in the treatment outcome between the use of a full-thickness and split-thickness flap 
(Espinel et al., 1981).  
• Flap tension. For coronally advanced flaps, a significant negative association was 
shown between the magnitude of residual tension in the flap and the amount of 
recession reduction (G. Pini Prato et al., 2000)) 45% of sites achieved complete root 
coverage when the flap was tension-free, whereas only 18% of the defects achieved 
complete root coverage when residual tension of the flap was present (mean 6.5g).  
• Flap position. The probability of complete root coverage is influenced by the 
position of the gingival margin relative to the cemento-enamel junction after 
suturing (G. P. Pini Prato et al., 2005): in particular, this probability is higher if the 
flap is secured 2 mm coronal to the CEJ. 
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• Connective tissue graft thickness. Some studies indicate that the thickness of the 
connective tissue graft influences the final root coverage outcome and recommend 
harvesting a 2 mm thick graft (Borghetti et al., 1990). However, more recent papers 
reported different findings. Zucchelli et al failed to find any differences in terms of 
root coverage outcome when using CAF in conjunction with a graft of < 2 mm 
thickness compared to using grafts thicker than 2 mm (Zucchelli et al., 2014b). 
Similarly, a recent randomized clinical trial, comparing CTG graft of different 
thickness (1 mm versus 2 mm), concluded that similar root coverage and  similar 
increase in the width and thickness of keratinized tissue can be achieved at 3 months 
whether a 1- or 2-mm thick CTG is used (Moisa et al., 2019). 
• Root debridement. Some controlled clinical studies have failed to demonstrate any 
difference in terms of mean root coverage or residual probing depth between teeth 
that had been root planed or polished only before mucongingival surgery (Oles et 
al., 1988; Pini-Prato et al., 1999). Zucchelli et al failed to demonstrate any 
superiority, in terms of root-coverage results, for hand instruments over ultrasonic 
treatment of the root surface in combination with coronally advanced flap 
mucogingival surgery (Zucchelli et al., 2009). 
• Root conditioning. A recent systematic review (Oliveira et al., 2012) concluded that 
there is no evidence that root surface biomodification with citric acid, EDTA or laser 
prior to soft tissue grafting improves the root coverage outcome.  
• Microsurgical instruments. A comparison between conventional macro-surgical and 
a minimally invasive treatment approach, based on the use of magnification system, 
illumination and micro-instruments, has been performed in a randomized controlled 
clinical trial (Burkhardt et al., 2005). The study population consisted of 10 patients 
with bilateral Class I and Class II recessions at maxillary canines. In split-mouth 
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design, the defects were randomly selected for recession coverage either by a micro-
surgical (test) or macro-surgical (control) approach. Immediately after the 
intervention and after 3 and 7 days of healing, graft vascularization was evaluated 
through fluorescent angiograms. The results at test sites revealed a vascularization 
of 8.9 (±1.9%) immediately after the procedure. After 3 days and after 7 days, the 
vascularization rose to 53.3 (±10.5%) and 84.8 (±3.5%) respectively. The 
corresponding vascularization at control sites were 7.95 (±1.8%), 44.5 (±5.7%) and 
64.0 (±12.3%) respectively. All these differences between test and control group 
were found to be statistically significant. Furthermore, the clinical assessment  
showed a mean root coverage of 99.4 (±1.7%) for the test and 90.8 (±12.1%) for the 
control sites after the first month of healing. Again, this difference was statistically 
significant. The percentage of root coverage, both in test and control sites, remained 
stable during the first year at 98% and 90%, respectively.  
 
1.3 FOCUS ON RECESSIONS ON MANDIBULAR ANTERIORS 
 
1.3.1 Literature Bias 
 
According to the latest Cochrane systematic review, evidence indicates a greater gingival 
recession reduction for subepithelial connective tissue graft  (CTG) with coronally advanced 
flap (CAF) for treating single or multiple gingival recession compared to all the other 
mucogingival techniques described in the periodontal literature (L. Chambrone et al., 2019). 
For this reason, the combination of CAF and CTG is considered the “gold-standard” 
approach for root coverage in both single and multiple recessions (Cairo, 2017). 
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However, as highlighted in several reviews, the results of the different studies evaluating 
the predictability of CAF are being compared without regard to the specific teeth treated (L. 
Chambrone et al., 2015).  
 
Chambrone et al conducted an individual patient data meta-analysis of randomized 
controlled clinical trials (RCTs) to evaluate which factors can influence the achievement of 
complete root coverage (CRC) (L. Chambrone et al., 2012). In the analysis of the data 
pooled from 22 studies, the authors noted an interesting element related to the tooth location: 
407 (67.6%) defects were located in the maxilla and only 59 (9.8%) in the mandible and, 
for 136 (22.6%) defects, the location was not reported. When the data were stratified 
according to the tooth type, 257 (42.7%) defects were canines, 149 (24.8%) premolars, 20 
(3.3%) incisors, and 14 (2.3%) molars were treated. For 26 (4.3%) teeth, it was reported 
only that they were canines or premolars, whereas for 136 teeth (22.6%), the tooth type was 
not informed. This indicates that several clinical studies have investigated only certain areas 
limited to maxillary canines and premolars. 
 
Recently, the efficacy of coronally advanced flap has been systematically investigated 
according to the tooth location (Zucchelli et al., 2018). In this systematic review, the authors 
included eighteen articles reporting 399 localized GRs treated with CAF with or without 
CTG and/or EMD and concluded that tooth location has a significant influence on the mean 
root coverage and complete root coverage that can achieved with CAF. Another interesting 
finding was that only 3.3% of the outcomes reported for CAF regarded mandibular anterior 
teeth (mandibular central incisors, lateral incisors and canines).  
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Comparing the treatment of maxillary and mandibular gingival recessions, multiple studies 
reported better clinical outcomes for maxillary teeth (L. A. Chambrone et al., 2009; 
Hofmänner et al., 2012). In 2006, Chambrone et al evaluated the 6-month clinical outcomes 
of the combination of a connective tissue graft and a coronally advanced flap performed on 
28 patients. Statistically significant differences between maxillary and mandibular 
recessions were observed for recession depth reduction, complete root coverage, keratinized 
tissue width and attachment level. In particular, complete root coverage was achieved in 
82% of the maxillary recessions, and only 57% in the mandibular defects (L. A. Chambrone 
et al., 2006).  
 
Therefore, it can be speculated that the available information for mean and complete root 
coverage of CAF+CTG reflects the expected results on the maxillary teeth, especially 
canines and first premolars, and may not be applicable to the other tooth types, in particular 
mandibular anterior teeth.   
 
Considered the high prevalence of gingival recessions in the mandibular anterior region and 
the limited data regarding mucogingival treatment in this specific location, it appears useful 
for the clinician to identify the predictability of root coverage of mandibular anterior teeth 
and identify which mucogingival procedure can yield to better results, in terms of both 
clinical parameters and patient-related outcomes.  
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2. AIM 
The general purpose of the present systematic review is to identify which surgical approach 
provides the best clinical and patient-related outcomes for the treatment of buccal gingival 
recession on mandibular anterior teeth. The following focused questions were addressed:  
 
FQ1. <What is the effectiveness of different surgical approaches on clinical outcomes in the 
treatment of buccal gingival recessions on mandibular anterior teeth?>. 
FQ2. <What is the efficacy of different surgical approaches on clinical outcomes in the 
treatment of buccal gingival recessions on mandibular anterior teeth?>. 
FQ1. <What is the efficiency of different surgical approaches on patient-centered outcomes 
in the treatment of buccal gingival recessions on mandibular anterior teeth?>. 
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3. MATERIAL & METHODS 
 
3.1 PROTOCOL DEVELOPMENT AND FOCUSED QUESTION  
The protocol of the present systematic review was prepared a priori in accordance with the 
Cochrane Handbook for Systematic Reviews of Interventions (J. P. T. Higgins et al., 2011) 
and the guidelines of Transparent Reporting of Systematic Reviews and Meta-Analyses 
(PRISMA) (Moher et al., 2009). The following focused question was addressed: “What is 
the effectiveness, efficacy and efficiency of different surgical approaches on clinical and 
patient-related outcomes in the treatment of buccal gingival recessions on mandibular 
anterior teeth?”. 
 
3.2 STUDY SELECTION CRITERIA (PICOS) 
• Population. The population of the studies included in the present systematic review 
satisfy the following inclusion criteria: 
o patients with a diagnosis of single or multiple gingival recession (Miller 
Class I, II, III or RT1, RT2) on the buccal aspect of mandibular anterior teeth 
(central incisors, lateral incisors, canines) 
o at least 10 patients for each investigated treatment arm;   
o at least 1 gingival recession for per patient; 
o patients smoking > 10 cigarettes/day or with uncontrolled systemic 
conditions were excluded; 
o follow-up 3-12 months; 
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• Intervention. Any type of mucogingival surgical procedure involving the use of 
pedicle flaps and/or soft tissue graft (auto-, allo-, xeno-geneic grafts) was included, 
irrespective of the additional use of biologics (e.g. EMD, rhPDGF-BB, L-PRF) and 
the adjunctive administration of systemic antibiotics; any procedure involving the 
use of bone grafting material with or without barrier membranes (guided tissue 
regeneration) was excluded. 
• Comparison (control group): any of the above-mentioned interventions; 
• Outcome measures. For each study, data were extracted preferentially for the 6-
month follow-up visit; if the latter was not available, data related to the 12-month 
follow up visit were extracted; if this was not performed, the first available follow-
up visit between 3 and 12 months was chosen. The following outcomes were 
included: 
o Primary outcome 
▪ Mean root coverage (mRC), expressed as percentage (%); 
o Secondary outcomes 
▪ Complete root coverage (CRC), expressed in percentage (%); 
▪ Change in keratinized tissue width (∆KTW), expressed in mm; 
▪ Residual recession depth (residual RD), expressed in mm;  
▪ Change in probing depth (∆PPD), expressed in mm; 
▪ Residual probing depth (residual PPD), expressed in mm; 
▪ Change in recession width (∆RW), expressed in mm; 
▪ Patient-centered outcomes (including type and incidence of adverse 
effects; type and incidence of post-treatment signs, symptoms and 
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complications, i.e., discomfort, edema, bruising, dentine 
hypersensitivity; perception of esthetics as self-assessed by either the 
patient or the operator or assessed through ; post-treatment pain level 
as self-recorded by the patient; type and number of analgesics used 
in the postoperative period, as self-recorded by the patient; 
interference with daily activities during the post-treatment period, as 
self-reported by the patient; overall patient satisfaction with the final 
result). 
• Study design: (i) prospective or retrospective; (ii) randomized controlled trial 
(RCT), non-randomized controlled trials (CTs), cohort studies, case series; (iii) 
follow-up of between 3 and 12 months following the intervention(s). Single 
treatment arms of RCTs, CTs or cohort studies were included for analysis. 
 
3.3 LITERATURE SEARCH  
Electronic search 
A broad literature search was conducted on the Medline database (www.pubmed.com) and 
Elsevier Scopus (www.scopus.com) up to March 2020. The following MeSH terms were 
used: ("gingival recession"[MeSH Terms] OR ("gingival"[All Fields] AND "recession"[All 
Fields]) OR "gingival recession"[All Fields]) AND (“root coverage”[All Fields] OR 
“mucogingival”[All Fields]) AND (“mandibular” [All Fields]  OR “lower” [All Fields]  OR 
“mandibular teeth” [All Fields]  OR “lower teeth” [All Fields]). Only full text articles 
written in the English language were considered. Electronic searches of the websites of 
related journals, including Journal of Clinical Periodontology, Journal of Periodontal 
Research, Journal of Periodontology, Journal of Dental Research, International Journal of 
Periodontics and Restorative Dentistry, was also performed. Finally, previous systematic 
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reviews investigating root coverage procedures for gingival recessions were screened for 
article identification.  
 
Screening methods 
The titles and abstracts of all studies identified through the searches were evaluated 
independently by two reviewers (M.A. and D.C.), who then selected studies that potentially 
met the inclusion criteria. After this phase, full-text versions were obtained for the studies 
that appeared to meet the inclusion criteria or for which the title and abstract provided 
insufficient information to make a clear decision. Disagreements concerning eligibility were 
resolved by consensus or, if disagreement persisted, by arbitration through a third reviewer 
(G.P.S.). The papers that fulfilled all inclusion criteria were processed for data extraction. 
 
Data extraction: characterization of the intervention 
Extracted data included details of the population, intervention, comparison outcome and 
study characteristics. In particular, the following information were retrieved: study design, 
population (statistical unit, patient number, defect number), type of soft tissue graft (if any), 
flap design, treatment outcomes (mRC, CRC, ∆KTW, residual RD, ∆PPD, residual PPD, 
∆RW, patient-related outcomes), follow-up.  
 
Quality assessment (risk of bias in individual studies) 
For the included RCTs, methodological quality assessment was performed according to the 
Revised Cochrane risk-of-bias tool for randomized trials (RoB 2.0) (J. A. C. Sterne et al., 
2019). Five main domains for risk of bias were assessed: randomization process, deviations 
from the intended interventions, missing outcomes, measurement of the outcomes, and 
selection of the reported result. A risk of bias judgment (among "low risk of bias”, “high 
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risk of bias” or “some concerns”) was assigned to either each domain (depending on the 
descriptions given for each individual field) or the entire study. For the included non-
randomized studies, methodological quality assessment was performed according to the 
“Risk of Bias In Non-randomized Studies – of Interventions” (ROBINS-I) (J. A. Sterne et 
al., 2016). Seven main domains for risk of bias were assessed: bias due to confounding, bias 
in selection of participants into the study, bias in classification of interventions, bias due to 
deviations from intended interventions, bias due to missing data, bias in measurement of 
outcomes, bias in selection of the reported results. A risk of bias judgment (among "low risk 
of bias”, “moderate risk of bias”, “serious risk of bias”, “critical risk of bias”, or “no 
information”) was assigned to either each domain (depending on the descriptions given for 
each individual field) or the entire study. 
 
Selection of studies and outcome variables for each FQ 
• FQ1 
o For FQ1, study arms of RCTs, CTs, cohort studies or case series including 
at least one of the following outcome variables will be analyzed: Mean root 
coverage (mRC); Complete root coverage (CRC); Change in keratinized 
tissue width (∆KTW); Residual recession depth (residual RD); Change in 
probing depth (∆PPD); Residual probing depth (residual PPD; Change in 
recession width (∆RW). 
• FQ2 
o For FQ2, only RCTs comparing two different surgical procedures for at least 
one of the following outcome variables will be analyzed: Mean root coverage 
(mRC); Complete root coverage (CRC); Change in keratinized tissue width 
(∆KTW); Residual recession depth (residual RD); Change in probing depth 
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(∆PPD); Residual probing depth (residual PPD; Change in recession width 
(∆RW). 
• FQ3 
o For FQ1, study arms of RCTs, CTs, cohort studies or case series including 
at least one of the following outcome variables will be analyzed: type and 
incidence of adverse effects; type and incidence of post-treatment signs, 
symptoms and complications, i.e., discomfort, edema, bruising, dentine 
hypersensitivity; perception of esthetics as self-assessed by either the patient 
or the operator or assessed through ; post-treatment pain level as self-
recorded by the patient; type and number of analgesics used in the 
postoperative period, as self-recorded by the patient; interference with daily 
activities during the post-treatment period, as self-reported by the patient; 
overall patient satisfaction with the final result. 
 
3.4 STATISTICAL METHODS 
The studies have been classified according to two different variables: 1) flap design (CAF, 
TUN, LPF); 2) soft tissue graft (FGG, CTG). A network meta-analysis was performed to 
estimate the effectiveness of each surgical procedure for each outcome. An arm-based 
model for multiple treatment comparison with a disconnected network was used as follows:  
𝑔(𝑝𝑖𝑘) =  𝜇𝑘 + 𝑣𝑖𝑘 
(𝑣𝑖1, 𝑣𝑖2, . . . , 𝑣𝑖𝐾)
T ~ 𝑀𝑉𝑁(0, Σ𝐾) 
where Σ𝐾 is the variance-covariance matrix of the vector of random effects specific to study 
i. The 𝜇𝑘 are treatment-specific parameters reflecting absolute effects. The R package 
pcnetmeta was used for calculation (Lin et al., 2017), which performs network meta-
analysis using the arm-based model and provides estimates for various effect sizes. This 
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package is available from the Comprehensive R Archive Network (CRAN) at 
https://CRAN.R-project.org/package=pcnetmeta. It uses the convergence of Markov chain 
Monte Carlo (MCMC) algorithms for parameter estimation on the R platform through JAGS 
(Plummer 2003, 2016). JAGS is a program for analyzing Bayesian hierarchical models 
using MCMC simulation, which is available for diverse computer platforms including 
Windows and Mac OS X. JAGS was used to generate 4 chains of 100,000 MCMC samples 
each after 1,100,000 iterations. To evaluate the model fitting, the deviance information 
criterion (DIC) was reported: a smaller penalized deviance implies a good fitting of the 
model (J. P. Higgins et al., 2002). The following functions were used: 
#Install packages 
rjags
coda
JAGS
pcnetmeta
library
 
#Plotting the network 
nma.networkplot(s.id, t.id, data, title = "Networkplot", alphabetic = TRUE, 
+  weight.edge = TRUE, adjust.thick = 7, weight.node = TRUE, 
+  adjust.node.size = 10, node.col = "orange", edge.col = "black", 
+  text.cex = 0.5, adjust.figsizex = 1.2, adjust.figsizey = 1.2) 
 
#Performing arm-based network meta-analysis for continuous variables 
nma.ab.cont(s.id, t.id, mean, sd, n, data,param = c("mu", "diff", "rank.prob"), 
+  model = "hom_eqcor", prior.type = "unif", higher.better = TRUE, 
+  digits = 3, n.adapt = 10000, n.iter = 100000, n.thin = 1,  
+  conv.diag = TRUE, trace = "mu", dic = TRUE, postdens = TRUE,  
+  mcmc.samples = TRUE) 
 
#Plotting 95% credible intervals 
absolute.plot(data, alphabetic = FALSE, width = 5, height = 1.5) 
contrast.plot(data, reference = "Trtn", width = 5, height = 1.5) 
 
#Plotting treatment rank probabilities 
rank.prob(meanRC5, cex.axis = 1.3, cex.lab = 1.3) 
 
In case of missing or not reported SD from the summary results of a study arm, R software 
used Bracken's (1992) approach to impute SD using the coefficient of variation from all 
complete cases. 
#Install packages 
if BiocManager TRUE
BiocManager
3. MATERIALS AND METHODS 
 - 53 - 
EBImage
metagear
library
 
#Impute missing SDs 
library(data.table) 
file_read = fread('data') 
tmp = impute_SD(file_read, 'sd', c('t.id','mean'), method = "Bracken1992",  
+ range = 3, M = 1) 
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4. RESULTS 
4.1 SUMMARY OF THE LITERATURE SEARCH  
Fig. 11 illustrates the numbers of papers identified, screened, assessed for eligibility and 
included. One hundred and fifteen were assessed for eligibility following title and abstract 
screening. Of these, 87 of potential interest were identified. Sixteen articles fulfilled the 
inclusion criteria and were included for analysis (Figure 11). In total, 23 study arms have 
been identified for data extraction. The characteristics of the included study are described 
in Table 1.  
 
Figure 11. PRISMA flowchart for selection process 
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Table 1. Characteristics of included studies 
Author 
(Year) 
Study 
Design 
Follow 
up 
(months) 
Flap Design 
Reparative 
technology 
Patients 
(n) 
Defects 
(n) 
Recession 
type 
Outcome measures 
Mercado 2019 RCT 12 CAF CTG+EMD 20 79 RT2 mRC, CRC, ∆KT, ∆PPD 
Mercado 2019 RCT 12 CAF CTG 21 77 RT2 mRC, CRC, ∆KT, ∆PPD 
Sebaoun 2019 
Case 
series 
8 TUN CTG 14 18 RT1, RT2 mRC, CRC, ∆RW, ∆KT 
Goyal 2019 
Case 
series 
9 
Partial 
thickness 
FGG 10 12 RT1 mRC, ∆RW, ∆KT, ∆PPD 
Nunez 2018 
Case 
series 
12 TUN CTG 10 11 RT1, RT2 
mRC, CRC, ∆KT, ∆PPD 
Sculean 2018 
Case 
series 
12 LCT CTG+EMD 24 24 RT1, RT2 
mRC, CRC, ∆KT 
Thalmair 
2016 
Case 
series 
6 TUN CTG 20 63 RT1, RT2 
mRC, CRC, ∆KT, GT 
Rajaram 2015 CT 6 DLSBF PRF 10 20 RT1 mRC, CRC, ∆RW, ∆KT, ∆PPD 
Rajaram 2015 CT 6 DLSBF / 10 20 RT1 mRC, CRC, ∆RW, ∆KT, ∆PPD 
De Angelis 
2015 
Case 
series 
12 LPF / 15 15 RT1 
mRC, CRC, ∆RW, ∆PPD 
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Author 
(Year) 
Study 
Design 
Follow 
up 
(months) 
Flap Design 
Reparative 
technology 
Patients 
(n) 
Defects 
(n) 
Recession 
type 
Outcome measures 
Rubins 2014 
Case 
series 
6 CAF CTG 11 11 RT1 
mRC, ∆RW, ∆KT, ∆PPD 
Zucchelli 
2014 
RCT 12 CAF CTG+EMD 25 25 RT1 
mRC, CRC, ∆KT, ∆PPD, GT 
Zucchelli 
2014 
RCT 12 V-CAF CTG+EMD 25 25 RT1 
mRC, CRC, ∆KT, ∆PPD, GT 
Sculean 2014 
Case 
series 
12 MCAT CTG+EMD 16 16 RT1 
mRC, CRC, ∆KT, ∆PPD 
Singhal 2013 RCT 3 LPF / 11 11 RT1 mRC, ∆KT 
Singhal 2013 RCT 3 
Partial 
thickness 
FGG 11 11 RT1 
mRC, ∆KT 
Nart 2012 
Case 
series 
12 CAF CTG 10 14 RT1, RT2 
mRC, CRC, ∆KT 
Baghele 2012 CT 4 LPF / 10 10 RT1 mRC, ∆RW, ∆KT, ∆PPD 
Baghele 2012 CT 4 CAF CTG 10 10 RT1 mRC, ∆RW, ∆KT, ∆PPD 
Cortellini 
2012 
Case 
series 
12 
Partial 
thickness 
FGG 12 12 RT1 
mRC, CRC, ∆KT 
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Author 
(Year) 
Study 
Design 
Follow 
up 
(months) 
Flap Design 
Reparative 
technology 
Patients 
(n) 
Defects 
(n) 
Recession 
type 
Outcome measures 
Harris 2006 CT 3 CAF CTG 21 41 RT1 mRC, CRC, ∆KT, ∆PPD 
Harris 2006 CT 3 DP CTG 21 39 RT1 mRC, CRC, ∆KT, ∆PPD 
Harris 2006 CT 3 TUN-LAT CTG 21 38 RT1 mRC, CRC, ∆KT, ∆PPD 
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4.2 QUALITATIVE ANALYSIS 
 
4.2.1 Study design 
Among the selected articles, 7 are controlled clinical trials, of which 3 have a randomized 
design, whereas 4 have a non-randomized design. The other 10 papers are prospective case 
series.  
 
Figure 12. Study design 
4.2.2 Follow-up 
The average follow-up period ranges from 3 to 12 months, with a median of 6 months and 
a mean of 7.86 (±3.77) months. In particular, data extraction was based on the 3-month visit 
for 2 studies (Singhal 2013, Harris 2006), on the 4-month visit for 1 study (Baghele 2012), 
on the 6-month visit for 4 studies (Akcan 2018, Thalmair 2016, Rajaram 2015, Rubins 
2014), on the 8-month visit for 1 study (Sebaoun 2019), on the 9-month visit for 1 study 
(Goyal 2019), and on the 12-month for 8 studies (Mercado 2019, Nunez 2018, Sculean 
2018, De Angelis 2015, Zucchelli 2014, Sculean 2014, Nart 2012, Cortellini 2012).  
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Figure 13. Follow up 
4.2.3 Population 
The number of patients included in the different studies ranges between 10 and 25, with a 
mean of 15.56 (± 5.41). The average age is 31.75 (±6.65) years, with a minimum of 21.5 
and a maximum of 44.3 years. In 13 studies, gender is specified, whereas this datum is not 
reported in the other 4 papers: in particular, a higher number of females has been analyzed 
compared to males (average of 11.05 ±4.84 for females and 4.72 ± 4.23 for males).  
 
Figure 14. Number of patients 
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4.2.4 Defect characteristics 
The average number of recessions defects was 25.68 (±20.10), with a minimum of 10 and 
a maximum of 79. According to the severity, Only RT1 recessions were included in the 
majority of the treatment arms (16), whereas both RT1 and RT2 were included in 7 
treatment arms.  
 
Figure 15. Study distribution based on recession type 
The majority of the study arms included only isolated defects (12), whereas 9 arms included 
both single and multiple recessions and 1 included multiple recessions only; however, in 
three study arms (Mercado 2019, Goyal 2019) this information is missing.  
 
Figure 16. Study classification based on single or multiple recessions 
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As for location, mandibular incisors (both centrals and laterals) were the most frequently 
treated teeth, whereas recessions on mandibular canines were included in only 7 study arms. 
Only in 1 study (Rubins 2014), the specific tooth location of the recessions included is not 
reported. 
 
Figure 17. Gingival recessions distributed per tooth location 
 
4.2.5 Root coverage procedures 
The majority of the treatment arms investigate the effectiveness of root coverage procedures 
based on the use of CTG, whereas in 10 study arms other approaches have been applied. In 
particular, the latter group includes FGG in 5 study arms, PRF in 1 study arms and no 
reparative device in 4 study arms. As for flap design, 8 study arms analyze the use of 
coronally advanced flap and variants, 6 the use of laterally positioned flap and variants, 5 
tunnel and variants.  In summary, 8 different main treatments have been identified: 
1. CAF + CTG in 5 study arms (Mercado 2019, Rubins 2014, Nart 2012, Baghele 2012, 
Harris 2006) 
2. CAF + CTG + EMD in 3 study arms (Mercado 2019, Zucchelli 2014, Zucchelli 
2014) 
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3. TUN + CTG in 4 study arms (Sebaoun 2019, Nunez 2018, Thalmair 2016, Harris 
2006) 
4. TUN + CTG + EMD in 2 study arms (Sculean 2018, Sculean 2014) 
5. LPF alone in 4 study arms (Rajaram 2015, De Angelis 2015, Singhal 2013, Baghele 
2012) 
6. LPF + PRF in 1 study arms (Rajaram 2015) 
7. LPF + CTG in 1 study arms (Harris 2006) 
8. Partial thickness bed + FGG in 5 study arms (Goyal 2019, Akcan 2018, Akcan 2018, 
Singhal 2013, Cortellini 2012) 
 
 
Figure 18. Study arm classification based on reparative technology 
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Figure 19. Study arm classification based on flap design 
 
 
 
 
4.3 QUANTITATIVE ANALYSIS 
 
4.3.1 Treatment groups 
The above-mentioned procedures have been categorized into 5 broad treatment groups, 
according to the flap design (CAF, TUN, LPF) and the use and type of soft tissue graft 
(none, CTG, FGG): 
1. CAF + CTG. This group includes all the treatment arms using use a coronally 
advanced flap (and its variants) and a connective tissue graft, with or without the 
additional use of adjuncts (± EMD, rhPDGF-BB). In particular, 8 study arms were 
included in this category (Mercado 2019, Rubins 2014, Zucchelli 2014, Nart 2012, 
Baghele 2012, Harris 2006). 
2. TUN + CTG. This group includes all the treatment arms using use a tunnel 
procedure (and its variants) and a connective tissue graft, with or without the 
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additional use of adjuncts (± EMD). In particular, 6 study arms were included in this 
category (Sebaoun 2019, Nunez 2018, Sculean 2018, Thalmair 2016, Sculean 2014, 
Harris 2006). 
3. LPF + CTG. This group includes all the treatment arms using use a laterally 
positioned flap (and its variants) and a connective tissue graft. In particular, only 1 
study was included in this category (Harris 2006) 
4. LPF alone. This group includes all the treatment arms using use a laterally 
positioned flap (and its variants) alone. No distinction was made if an adjunct other 
than soft tissue graft was used (e.g. PDGF).  In particular, 5 study arms were 
included in this group (Rajaram 2015, De Angelis 2015, Singhal 2013, Baghele 
2012). 
5. FGG. This group includes all the treatment arms using use a partial thickness flap 
with a free gingival graft. In particular, 3 study arms were included in this category 
(Goyal 2019, Singhal 2013, Cortellini 2012). In this group, Akcan 2018 was 
excluded since no information was available about the type of recessions treated 
(whether RT3 recessions were included in the analysis).  
 
 
CAF+CTG TUN+CTG LPF+CTG LPF alone FGG Total 
Number of 
study arms 8 6 1 5 3 23 
Figure 20. Distribution of study arms 
 
The results of treatment comparison from the network meta-anslysis model are reported 
separately for each treatment outcome. 
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4.3.2 Mean root coverage (mRC) 
For mRC, the dataset consisted of 23 study arms, in particular 8 for CAF+CTG, 6 for 
TUN+CTG, 1 for LPF+CTG, 5 for LPF alone and 3 for FGG. The network plot is shown in 
Fig. 21.  The network meta-analysis showed the following results: 
> meanRC5 
$model 
[1] "Normal likelihood with identity link." 
 
$TrtEffect 
$TrtEffect$Mean_SD 
          Mean (SD)      
CAF+CTG   78.900 (3.650) 
TUN+CTG   89.500 (3.840) 
LPF+CTG   90.600 (7.480) 
LPF alone 79.000 (5.070) 
FGG       68.500 (5.070) 
 
$TrtEffect$Median_CI 
          Median (95% CI)          
CAF+CTG   78.900 (71.800,  86.100) 
TUN+CTG   89.500 (82.000,  97.000) 
LPF+CTG   91.100 (74.400, 104.000) 
LPF alone 79.100 (68.800,  88.700) 
FGG       68.500 (58.600,  78.400) 
 
$EffectDiff 
$EffectDiff$Mean_SD 
          CAF+CTG         TUN+CTG         LPF+CTG         LPF alone       FGG            
CAF+CTG   --              -10.500 (4.940) -11.700 (7.890) -0.039 (5.890)  10.400 (6.210) 
TUN+CTG   10.500 (4.940)  --              -1.130 (7.780)  10.500 (6.320)  21.000 (6.390) 
LPF+CTG   11.700 (7.890)  1.130 (7.780)   --              11.600 (8.710)  22.100 (8.820) 
LPF alone 0.039 (5.890)   -10.500 (6.320) -11.600 (8.710) --              10.500 (6.780) 
FGG       -10.400 (6.210) -21.000 (6.390) -22.100 (8.820) -10.500 (6.780) --             
 
$EffectDiff$Median_CI 
          CAF+CTG                  TUN+CTG                   LPF+CTG                   LPF alone                
CAF+CTG   --                       -10.500 (-20.300, -0.791) -12.300 (-26.000, 5.550)  -0.158 (-11.400, 11.900) 
TUN+CTG   10.500 (0.791, 20.300)   --                        -1.910 (-15.200, 16.000)  10.400 (-1.710, 23.100)  
LPF+CTG   12.300 (-5.550, 26.000)  1.910 (-16.000, 15.200)   --                        11.900 (-6.470, 28.500)  
LPF alone 0.158 (-11.900, 11.400)  -10.400 (-23.100, 1.710)  -11.900 (-28.500, 6.470)  --                       
FGG       -10.400 (-22.700, 1.680) -21.000 (-33.500, -8.410) -22.400 (-38.900, -3.930) -10.500 (-23.700, 2.940) 
          FGG                     
CAF+CTG   10.400 (-1.680, 22.700) 
TUN+CTG   21.000 (8.410, 33.500)  
LPF+CTG   22.400 (3.930, 38.900)  
LPF alone 10.500 (-2.940, 23.700) 
FGG       --                      
 
$TrtRankProb 
          rank1  rank2  rank3  rank4  rank5  
CAF+CTG   0.0043 0.0585 0.4460 0.4560 0.0359 
TUN+CTG   0.3830 0.5720 0.0408 0.0044 0.0001 
LPF+CTG   0.5960 0.2860 0.0703 0.0398 0.0075 
LPF alone 0.0166 0.0818 0.4260 0.4220 0.0536 
FGG       0.0001 0.0015 0.0169 0.0785 0.9030 
 
$DIC               
D.bar 227.47772 
pD     18.52247 
DIC   246.00019 
attr(,"class") 
[1] "nma.ab" 
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Figures 21-27 show the network plot, the posterior density plot and the trace plots for each 
treatment group. The greatest mRC is associated with LPF+CTG (91.1%) and TUN+CTG 
(89.5%), whereas LPF alone and CAF+CTG showed lower mRC (79.1%, 78.9%). FGG is 
associated with the lowest mRC (68.5%). The absolute plot (Fig. 28) shows consistency in 
the width of the credible intervals for all the treatment groups, except for LPF+CTG which 
presents a wider CrI due to the low numerosity. Comparing the treatment effect sizes, it 
emerges that the 95% CrIs for TUN+CTG and CAF+CTG do not overlap, indicating a 
statistically significant difference in favor of TUN+CTG (10.6% difference in mRC) (see 
contrast plots, Fig. 29-33). Absence of overlapping in the 95% CrI can be observed also 
between TUN+CTG and FGG (20.9% difference in mRC), as well as between LPF+CTG 
and FGG (22.5% difference in mRC).  
 
Figure 21. Network Plot for mRC - 5 treatment arms 
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Figure 22. Density plot for treatment effect - mRC 5 treatment arms 
 
Figure 23. Trace plot CAF + CTG 
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Figure 24. Trace plot TUN + CTG 
 
 
Figure 25. Trace plot LPF + CTG 
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Figure 26. Trace plot LPF alone 
 
 
Figure 27. Trace plot FGG 
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Figure 28. Absolute effect - mRC 5 treatment arms 
 
 
 
Figure 29. Contrast plot - CAF+CTG as reference 
 
 
 
Figure 30. Contrast plot - TUN+CTG as reference 
 
 
 
Figure 31. Contrast plot - LPF+CTG as reference 
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Figure 32. Contrast plot - LPF alone as reference 
 
 
Figure 33. Contrast plot - FGG as reference 
 
Fig. 34 graphs the probability of each treatment having each of the different possible ranks 
among the treatments. LPF+CTG has the highest probability of being the best treatment in 
terms of mean root coverage (59.6%), followed by TUN+CTG (38.3%).  
 
Figure 34. Rank probability treatment effect – mRC 
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4.3.3 Keratinized Tissue Width change (KTW change) 
For KTW change, the dataset consisted of 23 study arms, in particular 8 for CAF+CTG, 6 
for TUN+CTG, 1 for LPF+CTG, 5 for LPF alone and 3 for FGG. Since all the study arms 
report the KTW change, the network plot for KTW change is the same as mRC (Fig. 21).  
The network meta-analysis showed the following results: 
> KTwidth5mod 
$model 
[1] "Normal likelihood with identity link." 
 
$TrtEffect 
$TrtEffect$Mean_SD 
          Mean (SD)     
CAF+CTG   2.460 (0.729) 
TUN+CTG   2.090 (0.714) 
LPF+CTG   3.050 (1.530) 
LPF alone 2.030 (0.843) 
FGG       2.700 (0.986) 
 
$TrtEffect$Median_CI 
          Median (95% CI)       
CAF+CTG   2.460 ( 1.020, 3.940) 
TUN+CTG   2.050 ( 0.764, 3.650) 
LPF+CTG   3.100 (-0.088, 5.990) 
LPF alone 2.030 ( 0.344, 3.680) 
FGG       2.700 ( 0.719, 4.660) 
 
$EffectDiff 
$EffectDiff$Mean_SD 
          CAF+CTG        TUN+CTG        LPF+CTG        LPF alone     FGG            
CAF+CTG   --             0.373 (0.967)  -0.591 (1.640) 0.438 (1.090) -0.232 (1.230) 
TUN+CTG   -0.373 (0.967) --             -0.964 (1.630) 0.065 (1.130) -0.605 (1.250) 
LPF+CTG   0.591 (1.640)  0.964 (1.630)  --             1.030 (1.760) 0.359 (1.830)  
LPF alone -0.438 (1.090) -0.065 (1.130) -1.030 (1.760) --            -0.669 (1.220) 
FGG       0.232 (1.230)  0.605 (1.250)  -0.359 (1.830) 0.669 (1.220) --             
 
$EffectDiff$Median_CI 
          CAF+CTG                TUN+CTG                LPF+CTG                LPF alone             FGG                    
CAF+CTG   --                     0.395 (-1.620, 2.240)  -0.644 (-3.790, 2.770) 0.435 (-1.740, 2.620) -0.239 (-2.650, 2.250) 
TUN+CTG   -0.395 (-2.240, 1.620) --                     -1.010 (-4.060, 2.480) 0.031 (-2.060, 2.390) -0.633 (-3.010, 1.930) 
LPF+CTG   0.644 (-2.770, 3.790)  1.010 (-2.480, 4.060)  --                     1.080 (-2.560, 4.390) 0.390 (-3.370, 3.890)  
LPF alone -0.435 (-2.620, 1.740) -0.031 (-2.390, 2.060) -1.080 (-4.390, 2.560) --                    -0.665 (-3.110, 1.750) 
FGG       0.239 (-2.250, 2.650)  0.633 (-1.930, 3.010)  -0.390 (-3.890, 3.370) 0.665 (-1.750, 3.110) --                     
 
$TrtRankProb 
          rank1  rank2  rank3  rank4  rank5  
CAF+CTG   0.1250 0.2700 0.2860 0.2000 0.1190 
TUN+CTG   0.0541 0.1500 0.2210 0.2870 0.2880 
LPF+CTG   0.4850 0.1640 0.1070 0.0962 0.1480 
LPF alone 0.0677 0.1430 0.2030 0.2570 0.3280 
FGG       0.2680 0.2720 0.1830 0.1600 0.1170 
 
$DIC     
D.bar  4.996979 
pD    18.428627 
DIC   23.425606 
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Figures 36-41 show the the posterior density plot and the trace plots for each treatment 
group. The median of the treatment effects amounts to 3.1 mm for LPF+CTG, 2.7 mm for 
FGG, 2.46 mm for CAF+CTG, 2.05 mm for TUN+CTG and 2.03 mm for LPF alone. No 
difference among treatments is likely to exist, since all the 95% CrI for each treatment in 
every contrast plot contains 0, so there is no sufficient evidence to identify any difference. 
This finding is confirmed by the posterior density plot (Fig. 36), where the overlap regions 
of densities for the different treatments are large. In terms of ranking probability, LPF+CTG 
is more likely to be the best treatment approach for KT gain (48.5% probability), followed 
by FGG (26.8%).  
 
Figure 35. Density plot KTW change 
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Figure 36. Trace plot KT width modified - CAF+CTG 
 
 
Figure 37. Trace plot KT width modified - TUN+CTG 
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Figure 38. Trace plot KT width modified - LPF+CTG 
 
 
Figure 39. Trace plot KT width modified - LPF alone 
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Figure 40. Trace plot KT width modified - FGG 
 
Figure 41. Ranking probability KT width modified 
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Figure 42. Absolute effect KT width modified 
 
 
 
Figure 43. Contrast plot KT width modified - CAF+CTG as reference 
 
 
 
Figure 44. Contrast plot KT width modified - TUN+CTG 
 
 
 
Figure 45. Contrast plot KT width modified - LPF+CTG 
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Figure 46. Contrast plot KT width modified - LPF alone 
 
 
 
Figure 47. Contrast plot KT width modified - FGG 
 
4.3.4 Residual Recession Depth (residual RD) 
For residual RD, the dataset consisted of 22 study arms, in particular 8 for CAF+CTG, 5 for 
TUN+CTG, 1 for LPF+CTG, 5 for LPF alone and 3 for FGG. Compared to the dataset 
selected for the primary outcome (mRC), only 1 study (Sculean 2014) did not report the 
residual RD at follow up. The network plot is shown in Fig. 49.  The network meta-analysis 
showed the following results: 
> rRD5 
$model 
[1] "Normal likelihood with identity link." 
 
$TrtEffect 
$TrtEffect$Mean_SD 
          Mean (SD)     
CAF+CTG   0.752 (0.522) 
TUN+CTG   1.590 (0.449) 
LPF+CTG   0.493 (1.250) 
LPF alone 1.680 (0.783) 
FGG       1.000 (0.759) 
 
$TrtEffect$Median_CI 
          Median (95% CI)       
CAF+CTG   0.752 (-0.292, 1.790) 
TUN+CTG   1.540 ( 0.877, 2.600) 
−2 0 2 4
Effect Difference
CAF+CTG vs. LPF alone
TUN+CTG vs. LPF alone
LPF+CTG vs. LPF alone
FGG vs. LPF alone
0.44 (−1.74, 2.62)
0.03 (−2.06, 2.39)
1.08 (−2.56, 4.39)
0.66 (−1.75, 3.11)
−2 0 2 4
Effect Difference
CAF+CTG vs. FGG
TUN+CTG vs. FGG
LPF+CTG vs. FGG
LPF alone vs. FGG
−0.24 (−2.65, 2.25)
−0.63 (−3.01, 1.93)
 0.39 (−3.37, 3.89)
−0.66 (−3.11, 1.75)
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LPF+CTG   0.516 (-2.090, 3.010) 
LPF alone 1.660 ( 0.176, 3.310) 
FGG       0.991 (-0.483, 2.540) 
 
 
$EffectDiff 
$EffectDiff$Mean_SD 
          CAF+CTG        TUN+CTG        LPF+CTG       LPF alone      FGG            
CAF+CTG   --             -0.837 (0.659) 0.259 (1.310) -0.928 (0.901) -0.249 (0.887) 
TUN+CTG   0.837 (0.659)  --             1.100 (1.310) -0.092 (0.870) 0.588 (0.874)  
LPF+CTG   -0.259 (1.310) -1.100 (1.310) --            -1.190 (1.480) -0.508 (1.430) 
LPF alone 0.928 (0.901)  0.092 (0.870)  1.190 (1.480) --             0.679 (1.010)  
FGG       0.249 (0.887)  -0.588 (0.874) 0.508 (1.430) -0.679 (1.010) --             
 
$EffectDiff$Median_CI 
          CAF+CTG                TUN+CTG                LPF+CTG               
CAF+CTG   --                     -0.802 (-2.220, 0.347) 0.229 (-2.410, 3.000) 
TUN+CTG   0.802 (-0.347, 2.220)  --                     1.020 (-1.430, 3.870) 
LPF+CTG   -0.229 (-3.000, 2.410) -1.020 (-3.870, 1.430) --                    
LPF alone 0.910 (-0.809, 2.780)  0.104 (-1.680, 1.790)  1.150 (-1.680, 4.300) 
FGG       0.236 (-1.490, 2.040)  -0.561 (-2.380, 1.100) 0.502 (-2.370, 3.380) 
          LPF alone              FGG                    
CAF+CTG   -0.910 (-2.780, 0.809) -0.236 (-2.040, 1.490) 
TUN+CTG   -0.104 (-1.790, 1.680) 0.561 (-1.100, 2.380)  
LPF+CTG   -1.150 (-4.300, 1.680) -0.502 (-3.380, 2.370) 
LPF alone --                     0.649 (-1.270, 2.780)  
FGG       -0.649 (-2.780, 1.270) --                     
 
 
$TrtRankProb 
          rank1  rank2  rank3  rank4  rank5  
CAF+CTG   0.2560 0.4050 0.2370 0.0798 0.0209 
TUN+CTG   0.0121 0.0646 0.2160 0.3910 0.3170 
LPF+CTG   0.4980 0.1750 0.1300 0.0911 0.1060 
LPF alone 0.0413 0.0938 0.1600 0.2570 0.4480 
FGG       0.1930 0.2610 0.2570 0.1810 0.1080 
 
$DIC 
                 
D.bar -10.343305 
pD     17.566465 
DIC     7.223161 
 
 
Posterior density plot and the trace plots for each treatment group are reported in Fig. 50-
55. The residual recession depth at the follow-up visit is 0.51 mm for LPF+CTG, 0.75 mm 
for CAF+CTG, 0.99 for FGG, 1.54 for TUN+CTG and 1.66 for LPF alone. However, the 
contrast plots showed consistent overlapping of 95% CrI among treatments, which indicates 
that there is not enough evidence to identify any significant difference between the different 
procedures. According to the ranking plot, the highest probability of being the best treatment 
approach, so the one that most likely yields the lowest residual recession depth, is 49.8% 
for LPF+CTG, 25.6% for CAF+CTG and 19.3% for FGG.  
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Figure 48. Network plot Residual REC 
 
Figure 49. Density plot Residual REC 
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Figure 50. Trace plot Residual REC - CAF+CTG 
 
Figure 51. Trace plot Residual REC - TUN+CTG 
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Figure 52. Trace plot Residual REC - LPF+CTG 
 
Figure 53. Trace plot Residual REC - LPF alone 
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Figure 54. Trace plot Residual REC – FGG 
 
 
 
Figure 55. Absolute plot Residual REC 
 
 
Figure 56. Contrast plot Residual REC - CAF+CTG as reference 
 
−2 −1 0 1 2 3
Treatment Effect
CAF+CTG
TUN+CTG
LPF+CTG
LPF alone
FGG
0.75 (−0.29, 1.79)
1.54 ( 0.88, 2.60)
0.52 (−2.09, 3.01)
1.66 ( 0.18, 3.31)
0.99 (−0.48, 2.54)
−3 −1 1 2 3
Effect Difference
TUN+CTG vs. CAF+CTG
LPF+CTG vs. CAF+CTG
LPF alone vs. CAF+CTG
FGG vs. CAF+CTG
 0.80 (−0.35, 2.22)
−0.23 (−3.00, 2.41)
 0.91 (−0.81, 2.78)
 0.24 (−1.49, 2.04)
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Figure 57. Contrast plot Residual REC - TUN+CTG as reference 
 
 
 
 
Figure 58. Contrast plot Residual REC - LPF+CTG as reference 
 
 
 
 
Figure 59. Contrast plot Residual REC - LPF alone 
 
 
 
 
Figure 60. Contrast plot Residual REC - FGG 
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Figure 61. Ranking plot Residual Recession 
 
 
4.3.5 Change in probing depth (PPD change) 
For PPD change, the dataset consisted of 16 study arms, in particular 7 for CAF+CTG, 3 
for TUN+CTG, 1 for LPF+CTG, 4 for LPF alone and 1 for FGG.  The network plot is shown 
in Fig. 63: FGG is not connected to any other treatment groups directly or indirectly. The 
network meta-analysis showed the following results: 
> PPD5 
$model 
[1] "Normal likelihood with identity link." 
 
$TrtEffect 
$TrtEffect$Mean_SD 
          Mean (SD)      
CAF+CTG    0.701 (0.406) 
TUN+CTG    0.403 (0.430) 
LPF+CTG    0.773 (0.667) 
LPF alone -0.043 (0.435) 
FGG        0.837 (0.801) 
 
$TrtEffect$Median_CI 
          Median (95% CI)        
CAF+CTG    0.667 ( 0.061, 1.500) 
TUN+CTG    0.396 (-0.399, 1.270) 
LPF+CTG    0.736 (-0.490, 2.160) 
LPF alone -0.038 (-0.924, 0.797) 
FGG        0.828 (-0.718, 2.450) 
 
 
$EffectDiff 
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$EffectDiff$Mean_SD 
          CAF+CTG        TUN+CTG        LPF+CTG        LPF alone     FGG            
CAF+CTG   --             0.298 (0.531)  -0.072 (0.674) 0.744 (0.564) -0.136 (0.866) 
TUN+CTG   -0.298 (0.531) --             -0.370 (0.710) 0.446 (0.594) -0.434 (0.911) 
LPF+CTG   0.072 (0.674)  0.370 (0.710)  --             0.816 (0.785) -0.064 (1.030) 
LPF alone -0.744 (0.564) -0.446 (0.594) -0.816 (0.785) --            -0.880 (0.911) 
FGG       0.136 (0.866)  0.434 (0.911)  0.064 (1.030)  0.880 (0.911) --             
 
$EffectDiff$Median_CI 
          CAF+CTG                TUN+CTG                LPF+CTG                
CAF+CTG   --                     0.267 (-0.633, 1.380)  -0.063 (-1.460, 1.360) 
TUN+CTG   -0.267 (-1.380, 0.633) --                     -0.326 (-1.900, 1.020) 
LPF+CTG   0.063 (-1.360, 1.460)  0.326 (-1.020, 1.900)  --                     
LPF alone -0.700 (-1.950, 0.226) -0.431 (-1.670, 0.692) -0.772 (-2.490, 0.650) 
FGG       0.149 (-1.620, 1.810)  0.424 (-1.340, 2.250)  0.075 (-2.020, 2.110)  
          LPF alone             FGG                    
CAF+CTG   0.700 (-0.226, 1.950) -0.149 (-1.810, 1.620) 
TUN+CTG   0.431 (-0.692, 1.670) -0.424 (-2.250, 1.340) 
LPF+CTG   0.772 (-0.650, 2.490) -0.075 (-2.110, 2.020) 
LPF alone --                    -0.866 (-2.720, 0.888) 
FGG       0.866 (-0.888, 2.720) --                     
 
 
$TrtRankProb 
          rank1  rank2  rank3  rank4  rank5  
CAF+CTG   0.0172 0.1270 0.3130 0.3700 0.1740 
TUN+CTG   0.1350 0.3910 0.2710 0.1490 0.0548 
LPF+CTG   0.0667 0.1360 0.2000 0.2730 0.3240 
LPF alone 0.6690 0.2060 0.0804 0.0336 0.0112 
FGG       0.1120 0.1410 0.1360 0.1750 0.4360 
 
$DIC     
      
D.bar -18.864019 
pD     12.321285 
DIC    -6.542734 
 
 
Posterior density plot and the trace plots for each treatment group are reported in Fig. 64-
69. The results from the network meta-analysis show that all the surgical procedures 
analyzed tend to increase the probing depth after intervention, except for LPF alone which 
is associate with a stability of the gingival margin (0.03 mm decrease in PPD). The increase 
in PPD following the other surgical approaches ranges between 0.39 mm with TUN+CTG 
and 0.83 mm with FGG. In all the cases, these differences are within 1 mm. According to 
rank plot, the treatment with the highest probability of being the best, so not increasing the 
probing depth, is LPF alone (67%), followed by TUN+CTG (13%) and FGG (11%). 
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Figure 62. Network plot PPD 
 
Figure 63. Density plot PPD 
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Figure 64. Trace plot PPD - CAF+CTG 
 
Figure 65. Trace plot PPD - TUN+CTG 
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Figure 66. Trace plot PPD - LPF+CTG 
 
Figure 67. Trace plot PPD - LPF alone 
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Figure 68. Trace plot PPD - FGG 
 
 
Figure 69. Absolute plot PPD 
 
 
 
Figure 70. Contrast plot PPD - CAF+CTG as reference 
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Figure 71. Contrast plot PPD - TUN+CTG as reference 
 
 
 
 
Figure 72. Contrast plot PPD - LPF+CTG as reference 
 
 
 
 
Figure 73. Contrast plot PPD - LPF alone as reference 
 
 
 
 
Figure 74. Contrast plot PPD - FGG as reference 
 
−1 0 1 2
Effect Difference
CAF+CTG vs. TUN+CTG
LPF+CTG vs. TUN+CTG
LPF alone vs. TUN+CTG
FGG vs. TUN+CTG
 0.27 (−0.63, 1.38)
 0.33 (−1.02, 1.90)
−0.43 (−1.67, 0.69)
 0.42 (−1.34, 2.25)
−2 0 1 2
Effect Difference
CAF+CTG vs. LPF+CTG
TUN+CTG vs. LPF+CTG
LPF alone vs. LPF+CTG
FGG vs. LPF+CTG
−0.06 (−1.46, 1.36)
−0.33 (−1.90, 1.02)
−0.77 (−2.49, 0.65)
 0.07 (−2.02, 2.11)
−1 0 1 2
Effect Difference
CAF+CTG vs. LPF alone
TUN+CTG vs. LPF alone
LPF+CTG vs. LPF alone
FGG vs. LPF alone
0.70 (−0.23, 1.95)
0.43 (−0.69, 1.67)
0.77 (−0.65, 2.49)
0.87 (−0.89, 2.72)
−2 −1 0 1 2
Effect Difference
CAF+CTG vs. FGG
TUN+CTG vs. FGG
LPF+CTG vs. FGG
LPF alone vs. FGG
−0.15 (−1.81, 1.62)
−0.42 (−2.25, 1.34)
−0.07 (−2.11, 2.02)
−0.87 (−2.72, 0.89)
4. RESULTS 
 - 92 - 
 
Figure 75. Ranking plot PPD 
 
4.3.6 Residual PPD 
For residual PPD, the dataset consisted of 16 study arms, in particular 7 for CAF+CTG, 3 
for TUN+CTG, 1 for LPF+CTG, 4 for LPF alone and 1 for FGG.  The network plot is shown 
in Fig. 77. The network meta-analysis showed the following results: 
> resPPD5 
 
$model 
[1] "Normal likelihood with identity link." 
 
$TrtEffect 
$TrtEffect$Mean_SD 
          Mean (SD)     
CAF+CTG   1.220 (0.235) 
TUN+CTG   1.350 (0.341) 
LPF+CTG   0.994 (0.553) 
LPF alone 1.840 (0.359) 
FGG       1.240 (0.631) 
 
$TrtEffect$Median_CI 
          Median (95% CI)       
CAF+CTG   1.240 ( 0.811, 1.730) 
TUN+CTG   1.350 ( 0.667, 2.030) 
LPF+CTG   1.010 (-0.140, 2.080) 
LPF alone 1.840 ( 1.150, 2.580) 
FGG       1.250 (-0.044, 2.480) 
 
 
$EffectDiff 
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          CAF+CTG        TUN+CTG        LPF+CTG       LPF alone      FGG            
CAF+CTG   --             -0.125 (0.390) 0.230 (0.566) -0.619 (0.427) -0.018 (0.679) 
TUN+CTG   0.125 (0.390)  --             0.355 (0.597) -0.494 (0.486) 0.107 (0.720)  
LPF+CTG   -0.230 (0.566) -0.355 (0.597) --            -0.849 (0.667) -0.248 (0.849) 
LPF alone 0.619 (0.427)  0.494 (0.486)  0.849 (0.667) --             0.601 (0.734)  
FGG       0.018 (0.679)  -0.107 (0.720) 0.248 (0.849) -0.601 (0.734) --             
 
 
$EffectDiff$Median_CI 
 
          CAF+CTG                TUN+CTG                LPF+CTG               
CAF+CTG   --                     -0.119 (-0.920, 0.656) 0.227 (-0.907, 1.390) 
TUN+CTG   0.119 (-0.656, 0.920)  --                     0.336 (-0.834, 1.600) 
LPF+CTG   -0.227 (-1.390, 0.907) -0.336 (-1.600, 0.834) --                    
LPF alone 0.610 (-0.177, 1.490)  0.483 (-0.437, 1.500)  0.825 (-0.431, 2.240) 
FGG       0.027 (-1.380, 1.340)  -0.104 (-1.550, 1.320) 0.254 (-1.450, 1.920) 
          LPF alone              FGG                    
CAF+CTG   -0.610 (-1.490, 0.177) -0.027 (-1.340, 1.380) 
TUN+CTG   -0.483 (-1.500, 0.437) 0.104 (-1.320, 1.550)  
LPF+CTG   -0.825 (-2.240, 0.431) -0.254 (-1.920, 1.450) 
LPF alone --                     0.587 (-0.833, 2.090)  
FGG       -0.587 (-2.090, 0.833) --                     
 
 
$TrtRankProb 
 
          rank1  rank2  rank3  rank4  rank5  
CAF+CTG   0.1380 0.3370 0.3320 0.1740 0.0189 
TUN+CTG   0.0853 0.2140 0.3070 0.3100 0.0839 
LPF+CTG   0.4850 0.2300 0.1340 0.1030 0.0475 
LPF alone 0.0111 0.0281 0.0652 0.2000 0.6950 
FGG       0.2800 0.1910 0.1620 0.2130 0.1540 
 
$DIC 
                
D.bar -25.65399 
pD     12.93378 
DIC   -12.72020 
 
 
 
Posterior density plot and the trace plots for each treatment group are reported in Fig. 78-
83. The residual PPD amounts to 1.01 mm for LPF+CTG, 1.24 mm for CAF+CTG, 1.25 
mm for FGG, 1.35 mm for TUN+CTG and 1.84 for LPF alone. No significant differences 
among treatments are present. Probabilistically, LPF+CTG is associated with the higher 
chance (48.5%) of being the best treatment, that is LPF+CTG is more likely to be associated 
with the shallowest residual PPD.  
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Figure 76. Network plot Residual PPD 
 
Figure 77. Density plot Residual PPD 
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Figure 78. Trace plot Residual PPD - CAF+CTG 
 
Figure 79. Trace plot Residual PPD - TUN+CTG 
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Figure 80. Trace plot Residual PPD - LPF+CTG 
 
 
Figure 81. Trace plot Residual PPD - LPF alone 
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Figure 82. Trace plot Residual PPD – FGG 
 
 
 
Figure 83. Absolute plot Residual PPD 
 
 
 
 
Figure 84. Contrast plot Residual PPD – CAF+CTG as reference 
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Figure 85. Contrast plot Residual PPD – TUN+CTG as reference 
 
 
 
 
Figure 86. Contrast plot Residual PPD – LPF+CTG as reference 
 
 
 
 
Figure 87. Contrast plot Residual PPD – LPF alone 
 
 
 
 
Figure 88. Contrast plot Residual PPD – FGG 
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Figure 89. Ranking plot Residual PPD 
 
4.3.7 Change in Recession Width (RW) 
For RW change, the dataset consisted of 8 study arms, in particular 2 for CAF+CTG, 1 for 
TUN+CTG, 4 for LPF alone and 1 for FGG. No study arm report RW change in LPF+CTG 
group. The network plot is shown in Fig. 91. The network meta-analysis showed the 
following results: 
> RWchange5 
$model 
[1] "Normal likelihood with identity link." 
 
$TrtEffect 
 
$TrtEffect$Mean_SD 
 
          Mean (SD)      
CAF+CTG   -1.460 (1.190) 
TUN+CTG    0.422 (1.710) 
LPF alone -1.410 (0.873) 
FGG       -3.240 (1.550) 
 
$TrtEffect$Median_CI 
 
          Median (95% CI)         
CAF+CTG   -1.450 (-3.880,  0.935) 
TUN+CTG    0.471 (-3.290,  3.650) 
LPF alone -1.410 (-3.460,  0.339) 
FGG       -3.190 (-6.800, -0.119) 
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$EffectDiff$Mean_SD 
 
          CAF+CTG        TUN+CTG        LPF alone      FGG           
CAF+CTG   --             -1.880 (2.130) -0.044 (1.360) 1.790 (1.980) 
TUN+CTG   1.880 (2.130)  --             1.840 (1.880)  3.670 (2.290) 
LPF alone 0.044 (1.360)  -1.840 (1.880) --             1.830 (1.840) 
FGG       -1.790 (1.980) -3.670 (2.290) -1.830 (1.840) --            
 
$EffectDiff$Median_CI 
 
          CAF+CTG                TUN+CTG                LPF alone              
CAF+CTG   --                     -1.910 (-5.980, 2.540) -0.064 (-2.710, 2.900) 
TUN+CTG   1.910 (-2.540, 5.980)  --                     1.890 (-2.350, 5.670)  
LPF alone 0.064 (-2.900, 2.710)  -1.890 (-5.670, 2.350) --                     
FGG       -1.750 (-6.100, 2.160) -3.660 (-8.330, 1.100) -1.780 (-5.910, 2.060) 
          FGG                   
CAF+CTG   1.750 (-2.160, 6.100) 
TUN+CTG   3.660 (-1.100, 8.330) 
LPF alone 1.780 (-2.060, 5.910) 
FGG       --                    
 
 
$TrtRankProb 
 
          rank1  rank2  rank3  rank4  
CAF+CTG   0.0852 0.4380 0.4050 0.0720 
TUN+CTG   0.0238 0.0515 0.0837 0.8410 
LPF alone 0.0564 0.4200 0.4570 0.0666 
FGG       0.8350 0.0912 0.0538 0.0203 
 
$DIC 
                 
D.bar 0.04783833 
pD    6.83362247 
DIC   6.88146081 
 
 
 
Posterior density plot and the trace plots for each treatment group are reported in Fig. 92-
96. FGG is associated with the highest RW reduction (3.2 mm), whereas TUN+CTG is 
associated with a RW increase (0.47 mm). According to the ranking plot, FGG is associated 
with the highest probability of determining the greatest RW reduction (83.5% probability). 
However, the differences among treatments for RW change are non-significant; moreover, 
the low number of study arms available for the statistical analysis impairs the quality of the 
evidence, as shown by the effective number of parameters (pD) and deviance information 
criterion (DIC). 
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Figure 90. Network plot RW change 
 
Figure 91. Density plot RW change 
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Figure 92. Trace plot RW change - CAF+CTG as reference 
 
 
Figure 93. Trace plot RW change - TUN+CTG as reference 
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Figure 94. Trace plot RW change - LPF alone 
 
Figure 95. Trace plot RW change - FGG 
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Figure 96. Absolute plot RW change 
 
 
 
Figure 97. Contrast plot RW change - CAF+CTG as reference 
 
 
 
 
Figure 98. Contrast plot RW change - TUN+CTG as reference 
 
 
 
 
Figure 99. Contrast plot RW change - LPF+CTG as reference 
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Figure 100. Contrast plot RW change – FGG 
 
 
 
Figure 101. Ranking plot RW change 
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the limited amount of data, no contrast-based network metanalysis can be performed. 
Therefore, results for efficacy cannot be derived by the present systematic review. 
 
4.3.9 Results for efficiency  
The patient-related outcomes reported in each study are summarized in Table 2.  Esthetic 
assessment was performed in only 7 study arms: the recession esthetic score (RES) was 
used in three study arms, whereas a VAS scale was used in other three studies and an 
unspecified questionnaire was used in one study. Postoperative pain was assessed in only 
three study arms through VAS scale, number of analgesics consumed by the patient and 
hypersensitivity sequelae.  The limited number of data regarding patient related outcomes 
did not allow to perform a quantitative analysis.  
Table 2. Patient-related outcomes 
 Esthetics Post-op discomfort Others 
Mercado (2019) 
Questionnaire at 36m 
Pain VAS at 2, 7, 14days 
Number of analgesics at 7 days 
/ 
Sebaoun (2019) 
/ / / 
Goyal (2019) 
Color VAS at 1, 3, 6m / / 
Nunez (2018) 
RES at 12m Hypersensitivity VAS at 2m / 
Sculean (2018) 
/ / / 
Thalmair (2016) 
/ / / 
Rajaram (2015) 
/ / / 
De Angelis (2015) 
RES at 5y / / 
Rubins (2014) 
/ / / 
Zucchelli (2014) 
Esthetic VAS at 12m Pain VAS at 7 days / 
Sculean (2014) 
/ / / 
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Singhal (2013) 
/ / / 
Nart (2012) 
Esthetic VAS at 12m / / 
Baghele (2012) 
/ / / 
Cortellini (2012) 
RES at 12m / / 
Harris (2006) 
/ / / 
 
 
 
RISK OF BIAS ASSESSMENT 
The risk of bias for the included in RCTs and non-RCTs studies is reported in Table 3 and 
Table 4, respectively. Within RCTs, 2 studies where at overall low risk of bias, while some 
concerns were raised for one study mainly related to the randomization process. Higher 
overall risk of bias was found for non-RCTs studies, with two studies showing a moderate 
risk of bias and one studies showing a serious risk of bias.  
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Table 3. Consensus results of the risk of bias assessment: RCTs (RoB 2) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Mercado et al 
(2019) 
Zucchelli et al 
(2014) 
Singhal et al 
(2013) 
Risk of bias arising from the randomization process Low Low Some concerns 
Risk of bias due to deviations from the intended 
interventions – effect of assignment to intervention 
Low Low Low 
Risk of bias due to deviations from the intended 
interventions – effect of adhering to intervention 
Low Low Low 
Missing outcome data Low Low Low 
Risk of bias in measurement of the outcome Low Low Low 
Risk of bias in selection of the reported result Low Low Low 
Overall risk of bias Low Low Some concerns 
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Table 4. Consensus results of the risk of bias assessment: Non-RCTs (ROBINS-I assessment tool) 
  Rajaram et al (2015) Baghele et al (2012) Harris et al (2006) 
Risk of bias due to confounding Moderate Moderate Moderate 
Risk of bias in selection of participants into the study Moderate Serious Moderate 
Risk of bias in classification of interventions Low Low Low 
Risk of bias due to deviation from intended interventions Low Moderate Low 
Risk of bias due to missing data Moderate Moderate Low 
Risk of bias in measurement of outcomes Low Low Low 
Risk of bias in selection of the reported result Low Low Low 
Overall risk of bias Moderate Serious Moderate 
5. DISCUSSION 
 - 110 - 
5. DISCUSSION 
In the present systematic review, the effectiveness of different mucogingival approaches 
was evaluated for the treatment of gingival recessions on mandibular anterior teeth. Five 
main treatment groups have been identified based on the flap design (coronally advanced 
flap, tunnel procedure, laterally positioned flap) and the use of soft tissue grafts (connective 
tissue graft, free gingival graft). No distinction was made if biologics (e.g. EMD, rhPDGF-
BB, L-PRF) or other reparative adjuncts were added to soft tissue grafts. 
 
Among the surgical approaches, treatment hierarchy generated by the present network meta-
analysis showed that both TUN and LPF, both in combination with CTG, are associated 
with higher values of mean root coverage and gain in KT width in gingival recessions on 
mandibular anterior teeth. Yet, the other techniques investigated, CAF+CTG and LPF alone, 
showed more limited results.  
 
Overall, these findings support the use of connective tissue graft for the treatment of 
gingival recessions in the mandibular anterior sextant, rather than techniques with a 
different or no reparative device (e.g. FGG). However, when CTG is applied, the effect of 
the flap design is evident: in particular, a lateral mobilization of the flap or the creation of 
an envelope tunnel in the recipient site seem to lead to more favorable results in terms of 
both mRC and KT width gain, compared to procedures based on the coronal advancement 
of the flap. However, due to the low level of evidence (1 study only), the results obtained 
with LPF+CTG must be interpreted with caution.  
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Treatment of gingival recessions in the mandibular anterior area represents a major clinical 
challenge owing to several anatomical conditions, such as high insertion of labial frenum 
and muscular fibers, limited vestibular depth, thin tissues and lack of keratinized mucosa 
(Zucchelli et al., 2014a). These factors compromise the predictability of root coverage 
procedures, because of an increased risk for flap perforation and inadequate primary wound 
stability, as well as insufficient passivation of the flap, with high tendency of early 
dehiscence. For these reasons, approaches such as tunnel or LPF provide less tension when 
compared to the CAF, hence reducing the chance of flap dehiscence or mobilization and 
graft exposure in close proximity of the recession defect. This risk appears to be more 
significant in presence of shallow vestibule or inserting frenula, where the coronal 
mobilization of a tension-free flap is extremely difficult.  
 
This statistical model for the secondary clinical outcomes (residual probing depth, change 
in probing depth, residual recession depth, change in recession width) showed a high level 
of autocorrelations of the iterations, that is the model chain is not converged and the results 
are not reliable. Most likely, the reason for the trace plots not being uniform is related to the 
limited amount of data available for the analysis. Therefore, no conclusion can be derived 
from the statistical analysis regarding residual probing depth, change in probing depth, 
residual recession depth, change in recession with achieved by the different surgical 
procedures in the treatment of gingival recessions on mandibular anterior teeth.  
 
Recently, some methods to evaluate aesthetic outcomes after root coverage have been 
suggested in order to standardize the qualitative assessment of healed soft tissue over root 
surface (Cairo et al., 2009). In addition, the collection of patient-related outcomes including 
aesthetics satisfaction has been recommended for clinical trials on root coverage procedures 
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(Tonetti et al., 2014). However, no comparison among treatments for mandibular anterior 
gingival recessions can be made as for patient-related outcomes, considered the extent of 
missing data and the lack of standardization in the mode and time of assessment. 
 
 
. 
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6.  CONCLUSIONS 
 
In conclusion, the present systematic review showed that: 
1) Gingival recessions on mandibular incisors represent a common clinical finding in 
the population, but the amount of periodontal literature dedicated to their treatment 
is limited; 
2) Although coronally advanced flap in combination with connective tissue graft 
(CAF+CTG) is considered the gold-standard procedure for root coverage, the use of 
CAF+CTG in the mandibular anterior area seems to yield limited results in terms of 
both mean root coverage and keratinized tissue gain; 
3) Treatment hierarchy generated by an arm-based network metanalysis model 
indicated in tunnel and laterally positioned flap, both in combination with CTG, the 
greatest results in the treatment of mandibular anterior recessions, with TUN+CTG 
yielding significantly greater mean root coverage compared to CAF+CTG; 
4) Gain in keratinized tissue of at least 2 mm can be achieved with different surgical 
procedures, which indicates the possibility of using techniques other than FGG even 
when the main indication for treatment is lack of gingiva; 
5) No comparison among treatments can be made as for patient-related outcomes, 
considered the extent of missing data and the lack of standardization in the mode 
and time of assessment. 
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7.  FUTURE RESEARCH 
 
Future research needs to be directed towards the design of randomized controlled clinical 
trials (RCTs) aimed at evaluating and comparing different mucogingival procedures in the 
treatment of buccal gingival recessions on mandibular anterior teeth. Only high-quality 
RCTs with low risk of bias can provide data to support or confute the findings of the present 
systematic review and arm-based network meta-analysis. 
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